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PART ONE 

INSTALLATION OF POWER SYSTEM EQUIPMENT 


CHAPTER 1 

INSTALLATION WORK 
1. Plans and Drawings 

Power system equipment is installed to a design which in¬ 
cludes circuit and wiring diagrams, layout plans, sectional views 
and drawings of the various units and components (see Sec. 4). 

The plans are supplemented with an explanatory report which 
gives the necessary design data, a bill of electrical equipment and 
materials, and a cost estimate covering the equipment, materials 
and labour. 

Before installation work may be started, it is furthermore neces¬ 
sary to have the acceptance reports, specifications and manufactur¬ 
er’s certificates of the equipment to be installed. 

Switchgear electricians should first take over the supporting 
structures built to their specifications by the building contractors, 
that is, check against the drawings the actual dimensions as well as 
the number and dimensions of the holes and openings. The results 
of the inspection should be entered in acceptance reports which 
are included in the papers required before commencing the installa¬ 
tion work. 

The required papers should also include work schedules show¬ 
ing arrivals of equipment and materials at the site, planned trans¬ 
fers of the labour force, job schedules for each team, and the requisite 
mechanisms, fixtures and tools. 

Each major item of installation work should be covered by an op¬ 
eration sequence card. Such cards list the various operations to be 
performed in carrying out a given job, as well as the requisite tools, 
fixtures and mechanisms, they outline the preferable sequence and 
techniques. 

A card form is shown in Table t. 
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Operation Sequence Card 


Table 1 


For 


(state job to be carried out) 


Operation 

Tools, fixtures 
and mechanisms 

Materials 

Techniques and 
procedures 


1 




2. Tools and Mechanisms Employed in Installation Work 

High-quality tools and mechanisms go a long way towards 
raising the productivity and efficiency of switchgear electricians. 

Each switchgear electrician should be supplied with a kit contain¬ 
ing a set of assorted hand tools (Fig. 1). In the U.S.S.H. a typical 



Fig . 1. Hand-tool set: 

1 —voltage Indicator; 2— plumb-bob and line; 3 —rubber gypsum mixing cup and trowel 


set of tools will include a rubber gypsum mixing cup 3 with a trowel 
to make up mortar; protective glasses to wear when driving holes; 
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a plumb-bob 2 for marking out; a voltage indicator 1 for use on 
temporary circuits operating at voltages up to 380 volts. 

At present boles in brickwork and concrete are driven by electric 
drills with carbide-tipped bits (Fig. 2) instead of the unproduc¬ 
tive and labour-consuming hammer and chisel. 



. nlc , Fig ' 3 ' CMH ' 1 P owd er-actuated dowel-driving guir 
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breech-loading pistol weighing 3 kg, is furnished complete with two in¬ 
terchangeable gun barrels of 12- and 8-mm bore, a supply of cartridges 
of different explosive power, studs or dowels, and several muzzle 
adapters making the gun suitable for work under various conditions. 

Today buses are joined and connectors are pressed on cable and 
wire conductors by means of foot-operated hydraulic presses such as 
the Hm-7 (Fig. 4) of 7-ton force. The press simplifies and speeds 
up the work and makes it possible to dispense with tin and lead 
which would otherwise he necessary to make soldered joints. 



Fig 4. HFII-7 foot-operated hydraulic press 

The installation of any power station or substation involves a good 
deal of metal working, especially on rolled shapes. For this reason 
these sites are equipped with universal portable presses, such as 
the ynn, and press-shears, like the nH-1. 

The ynn universal portable press can cut angles, strip, round and 
square bars, make 45-, 90-, and 135-degree cuts in the legs of angles, 
punch holes in steel, copper and aluminium, and stamp small mount¬ 
ing hardware. 

The press is driven by a 3.5-kw electric motor. It is able to trim 
and shape-cut angles measuring up to 60x60x6 mm and strip 
up to 60x6 mm. 

The above press is capable of punching holes up to 60 mm in di¬ 
ameter in steel sheet up to 2 mm thick and holes up to 26 mm in di¬ 
ameter in steel up to 5 mm thick. 

The nH-1 press-shears (Fig. 5) show nearly the same cutting ca¬ 
pability. 

Angles in sizes up to 45x45x5 mm and steel strip in sizes up 
to 45x5 mm are cut on a hand-operated lever FIPH-5 press (Fig. 6). 
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Fig. 5. riH-1 press-shears: 

l—mechanism for hole punching and mounting hardware stamping; 2 —work stroke control 
lever; «J—electric motor; shear knife for transverse cutting of rolled shapes; 5 —die for mak¬ 
ing cuts in legs of angles 



»_tabin w ith Flg ' G ' nPH ' 5 han d-operated lever press: 

angles **fflgSZ$£ lS£. l^movTng h0lCS f0r Bhearln * 















This press is employed on sites where the work is relatively small in 
volume or where the bulk of bench work is carried out in centralised 
workshops. 

Holes in parts of relatively intricate shape are drilled on electric 
drilling machines. Fig. 7 shows a Type 2150 single-spindle, verti¬ 
cal drilling machine capable of drilling holes up to 50 mm in di- 


ameter. This machine is driven by a 2-kw 
-7 electric motor. 

Metal can be cut on friction saws (Fig. 8). 
For its operation, a friction saw depends 
on the heat generated by a disk revolving 
at a high speed and pushed against the met¬ 
al to be cut. Friction cutting is quite ef¬ 
ficient. One of the disadvantages of this 
method is the burrs formed on the cut be¬ 
cause of the high temperatures developed. 
However, it is a relatively simple matter 
to remove the fins on a rough grinding 
wheel, like the T-2 shown in Fig. 9. 

The 33C grinder used for sharpening and 
dressing chisels, drills, etc., is similar in 
design to the T-2 grinder. 

A job frequently met with in the in¬ 
stallation of power system equipment is the 
handling of heavy-weight units. This calls 
for sufficiently large truck cranes, such as 
the K-51 of 5 tons lifting capacity at a 
3.8-metre boom reach or the K-32 with a 
lifting capacity of 3 tons at a boom reach 
of 2.5 metres. 

Aig /. I ype-1 ah single- This purpose can also be served by 

spun e> ^ach'iiie ” hand-operated hoists rated from 0.5 to 7.5 

j-tabic. 2 — drill; j-st.irt tons and electric winches for loads up to 
push-button; 4 — -spindle; 5 — 20 tons (Fig. 10). Also widely used are 

box; 7 —electric motor;*— various blocks and tackle arrangements, 
dnI> tabic-umiig*hSe and chain or worm-gear hoists which can 

handle loads up to 10 tons (Fig. 11). 

A large percentage of the installation time is spent on bending 
aluminium strip into busbars which serve to distribute the currents in 


hg 7. Type 2150 single- 
spimlle, vertical drilling 
machine: 

i—tabic. 2— drill; 3 —start 
push-button; /—spindle; 5 — 
operating handles; 6—gear 
box; 7—electric motor; 8 — 
drill feed hand-wheel. 2 — 
table-lifting handle 


a station or substation. These strips have to be bent to various an¬ 
gles. To that end various types of busbar benders are employed, and 
among them the hydraulic busbar bender shown in Fig. 137. 

Welding constitutes an essential element in modern installation 
practice, and installation sites, as a rule, always have welding sta¬ 
tions (Fig. 12). 
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Fi t- 9. T-2 rough grinding wheel: 

Ci <—protective hod; .-support 
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Fig. 12. Welding station in a workshop: 

I—welding transformer; 2—grind wheel. 3— work bench 


Fig 11. Worm-gear 












CHAPTER 2 

SUBSTATION SWITCHGEAR 
3. Types of Substations 

Substations are a vital link in any power system which delivers 
electric power from a generating station down to consumers. 

From the pictorial diagram in Fig. 13, it is easy to see that on its 
way to the loads the electric power generated by a power station 
passes through a whole series of substations. 

Switchgear installations may be subdivided into: 

(1) indoor switchgear installations, in which the equipment is 
placed within a building; 

(2) outdoor switchgear installations, in which the equipment is 
mounted in the open air. 

Indoor switchgear is most often designed for 6- to 10-kv service. 
If, however, the ambient atmosphere is laden with aggressive im¬ 
purities, such as metal-corroding gases and fumes, conductive dust, 
etc., the substation will be of the indoor type for voltages up to and 
including 110 kv. 

In some cases the switchgear is installed within a building made 
of brick or concrete (the cellular type) and the electrical equipment 
is mounted directly on the structural parts of the substation build¬ 
ing or room (Fig. 14). In other cases, the substation metal framework 
for the switchgear (the cubicle type) is prepared in workshops and 
delivered to the site ready for erection (Fig. 15). 

At the present time, ever wider use is made of indoor substations 
made up of prefabricated front-serviced units (the KCO type) (Fig. 16), 
or metal-clad truck-type units (Fig. 17) (the KPY type). With these 
types of switchgear the assembly and wiring is transferred completely 
to factories, which fact leads to economy in materials, improved 
quality, and reduced erection time. 

Outdoor switchgear installations are generally designed for service 
at from 35 kv to as high as 500 kv. 
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Fig. 13. Power transmission 













































































Suburban transformer substations and rural substations, however, 
supplying small rural areas may use outdoor switchgear of the G- 
to 10-kv class. 



Fig. 14. Equipment directly mounted on structural parts in the control 

aisle of substation 
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Fig. 15 Metal framework parts prepared in workshops 
Outdoor substations may be of the “low” type or of the “hi*h” 
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Fig- 19. View of 500-kv outdoor substation 
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Recent practice has been to use factory-assembled metal-clad 
outdoor switchgear units (the KPYH type), such as shown in Fig. 20. 
They are available for voltages up to 35 kv inclusive, and designs 
have been developed for 110-kv service. 



Fig. 20. KPYH metal-clad 10-kv outdoor switchgear unit 

Factory-assembled metal-clad outdoor switchgear reduces in-situ 
wiring-up, and capital outlay, while improving workmanship and 
cutting down erection time. 


4. Main Connections and Diagrams 

Diagrams of primary power connections. These connections 
are usually shown by what are called single-line diagrams on which 
one line represents all three phases. The pieces of equipment on 
these diagrams are represented by conventional symbols (Table 2) 
in the relative position they will be erected. . 
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Table 2 

Conventional Symbols Used in Diagrams 
of Main Connection Schemes 


Symbol 

Name 


Buses 

-r 

Bus tap-off (tee-off) 

- 

Cable termination 

i 

Isolator (disconnecting switch) 

• 

Load-breaking isolator with arc control device 

$ 

Circuit breaker with arc control devices 

* 

Isolator (disconnecting switch); single-pole, with ear- 
thing blade and mechanical interlock 

T 

Plug-in connection in withdrawal-type equipment 

$ 

Fuse 

• 
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Continued 


Symbol 


i 

( 


Name 


Arrester (surge diverter) (general symbol) 



Valve-type arrester 



Earthing spark gap 



Iteactor 



Three-phase transformer, with star-star connected 
windings 


Two single-phase instrument voltage potential transform¬ 
ers, open-delta connected 


"T ' r-1 

# 


Instrument voltage potential transformer, three-phase, 
three-winding, two windings star connected, with 
brought-out and earthed neutrals; and third winding 
open-delta connected 



Instrument current transformer with one secondary 
winding 

Instrument current transformer with two secondary 
windings 
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At modern power stations and substations the following arrange¬ 
ments of switching connections are in use: 

(a) the single-bus system; 

(b) the single sectionalised bus scheme; 

(c) the double-bus scheme. 

The single-bus scheme (Fig. 21) is used primarily in low-voltage 
or single-unit stations and substations with relatively few feeders. 



Fig. 21. Substation with 
single-bus system 


The single sectionalised bus scheme 
(Fig.22) is used in low and medium power ca¬ 
pacity switchgear installations when several 


111 ill 



Fig. 22. bubstation with single sectionalised bus 

scheme 


sources supply power to the buses. With this system each bus section is 
connected to one power source and to a group of feeders, which 
arrangement noticeably raises continuity of power supply. The bus 

nnrnn« T" ° pe * r . ate independently and in parallel, for which 
Fhem bus-sectionalismg circuit breakers are placed between 

«,„?i! e a * d0Uble ' bUS K Sy t ter ? (Fig - 23) is «“ d in W 0 Power stations and 
substations in which the switchgear scheme must provide for the 

T fr ° f ? gr6at “ umber of lines or feeders. In some cases the 
?°“ b i buS SyStem can have one of b oses sectionalised, the second 
bus serving as a spare or transfer one to be used in cases of rena^ 

and g emergency. Then it is called the main-and-transfer bus system 

J, hl V rrangement af f° rds bus maintenance without power and 
wUh ^ C0UPl<>r brMker maintenance 

the duration »f outage duo 
bus failure to the time needed for a transfer to the spare bus. 
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The double-bus scheme with both buses nonsectionalised may be 
designed to have both buses in continuous service. To effect inter¬ 
connection between them, a bus coupler circuit breaker is provided. 



Fig. 23. Substation with double-bus system: 

IIS 1— bus system I; BS 11— bus system II; D C CD— 
bus coupler circuit breaker 


In modern systems supplying power for large industrial centres 
the trend is to bring the high transmission voltage closer to the load 
with the least possible number of intermediate voltage transforma- 



©~ 


Fig. 24 Double-bus scheme with one system sec- 

• tionalised: 

• BS /—bus system 1 (operating); BS //—bus system 11 
(operating); SBS— spare (reserve) bus system; B-C CB—bus 
coupler circuit breaker; SCB—sectional Islmr circuit 

* breaker . . i. 

tions and switching. Such a system of power supply is based on a 
unit scheme in which a unit consists of a line (overhead or cable) 
and a transformer. .... i. •' 
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The arrangement of the equipment in an indoor switchgear struc¬ 
ture is shown in layout diagrams (Fig. 25). A layout diagram shows 
the outline of the switchgear rooms and the floor space allotted to 
the various pieces of equipment in block form. Layout diagrams are 
not drawn to scale, do not represent the dimensions of the structure 
and cannot supplant detailed installation drawings. However, lay¬ 
out diagrams make it easier to understand the installation drawings 
and are used when drawing up bills of the electrical equipment need¬ 
ed for the installation. 

Installation drawings are drawn to scale. They are the working 
drawings to which the electricians work. An example of an installa¬ 
tion drawing for the layout diagram shown in Fig. 25 can be seen 
in Fig. 26. 

For outdoor substations, the arrangement of the equipment is 
given in layout plans and sectional elevation drawings (Fig. 27). 



Fig. 26. Installation drawing for cable line cell (with reactor) 


26 











* 

Circuit breaker 


Fig. 27. Outgoing line in an outdoor substation: 
a —plan view; b —sectional elevation 

Diagrams of secondary or control connections show the relative 
arrangements of the various instruments, relays, apparatus and other 
circuit elements with the aid of conventional symbols (Table 3). 

Secondary or control connections can be shown with simplified 
schematic, full schematic and wiring diagrams. 


ABC 


300/5 


L, 

•S, 

'X 

is. 


kwh 


Jo voltmeter 


From voltage 
transformer 


U • ■ - 

Fig. 28. Simplified schematic diagram, metering-indicating circuit 

the Drincinle diagr ., am s (Fi8 ’ 28 > serve “‘V interpre, 

the principle of operation and relative functions of the instruments 









Conventional Symbols Employed in Diagrams 
of Secondary or Control Connections 


Table 3 


Symbol 


Circuit element 



Normally-open (NO) contact 


Normally-closed (NC) contact 


Normally-open contact with time delay in opening 


Normally-open contact with latch operation and hand 
reset 


Instantaneous current relay, with one normally-open 
contact 


Instantaneous voltage relay, with one normally-open 
contact 


Inverse-time current relay, with one normally-open 
contact 


Power relay, with one normally-open and one normally- 
closed contact 


Time-delay relay, with instantaneous normally-open 
contact and time delay in opening 


Auxiliary relay, with several contacts 


Signal relay, with hand reset 
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Continued 


Symbol 


Circuit element 



0 

R 

0 

G 

0 

0 


Trip coil (electromagnet with series winding) 


Trip coil (electromagnet with shunt winding) 


White signal lamp 


Red signal lamp 


Green signal lamp 


Emergency signal lamp 



Electric howler or siren 


Electric bell 


Two-way switch 



Mercury-contact thermometer 
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relays and apparatus. They are drawn for the separate sections of a 
bus system and are used for making up full schematic and wiring 
diagrams. B 

Full schematic diagrams (Fig. 29) give the secondary or control 
connections of the entire bus system. They show the functional re¬ 
lationships of the protective relays, automatic controls and alarm 



Fig. 29. Full schematic diagram of Fig. 30. Wiring diagram 
secondary or control connections of a relay panel 


devices associated with the bus system both during normal operation 
and under fault conditions. Full schematics are needed to make up 
wiring diagrams. 

Wiring diagrams (Fig. 30) are working drawings which are used in 
installation work and also for trouble-shooting and maintenance. 

Wiring diagrams are drawn to scale and give the outline dimensions 
of the equipment to be installed. Wiring diagrams show all the small 
wiring, control cables, cable terminations and terminal blocks. 








CHAPTER 3 

INSTALLATION OF 6-10-KV INDOOR PRIMARY CIRCUIT 

EQUIPMENT 

5. General 

The equipment of primary circuits in indoor substations, as any 
other erection work, is carried out in a definite sequence which in¬ 
cludes: 

(1) marking-out of positions; 

(2) placing of fastenings and supporting structures; laying of indoor 
and outdoor earthing circuits; 

(3) setting up of support insulators; 

(4) mounting of bushings and current transformers; 

(5) mounting of busbars; 

(6) mounting of isolators; 

(7) mounting of circuit breakers; 

(8) mounting of reactors; 

(9) mounting of voltage transformers, high-voltage fuses, and ar¬ 
resters; 

(10) installing of busbar tap-offs and of busbar connections between 
the apparatus; 

(11) connection to the earthing system. 

As a rule, the inner earthing circuit is laid concurrently with the 
placement of the fastenings and supporting metalwork and prior to 
mounting any of the apparatus, as the latter may suffer damage 
from spattered molten metal when the earthing busbars are welded 
in place. 

The outdoor earthing circuit may be installed independently of 
the erection work inside the switchgear location and, indeed, at some 
other time. The actual sequence of erection work may vary from case 
to case. For example, the pieces of equipment put at the bottom of 
the sequence card may have to be set up earlier than those above only 
because the builders are behind schedule or the necessary equipment 
is not yet available, etc. 
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The sequence suggested above does not exclude the possibility of 
carrying out some of the operations in parallel. For instance, sup¬ 
port insulators, bushings and current transformers may be set up 
concurrently. Again, circuit breakers and isolators may also be 
mounted at the same time, and so may the buses. 

The practical way is to plan a schedule based upon the above 
sequence but tailored to the site conditions obtaining, taking into 
account the dates on which the builders will hand over the separate 
sections of the switchgear structures for erection work, the expected 
dates of equipment delivery, and availability of labour. 

Prefabrication and shop assembly can appreciably reduce the erec¬ 
tion time. Metal framework and fastenings should be ordered before¬ 
hand in specialised workshops. On the site, maximum use should 
be made of labour- and time-saving mechanisms and fixtures. 


6. Marking-out of Positions 

Marking-out is done to working drawings which specify the dist¬ 
ances of the various items of electrical equipment from the floor, 
walls and ceiling, and also from one another. 

In addition to faithfully transferring the distances given in the 
drawings, good marking-out must provide for a symmetrical arrange¬ 
ment of the equipment within the switchgear cells. 

Using Fig. 31 as an example of a switchgear cell, we shall go 
through the process of position marking-out. 

The first thing to do is to find the vertical axis {A-B) of the cell 
(Fig. 32). For this, a line a-a' is beat off at the top of the cell, with 
a string rubbed with dry chalk, charcoal, prussian blue, or ochre 
and the dimension a-b taken from the drawing is laid out on it in 
pencil to obtain point A. From this point a plum-bob is dropped, 
and the vertical axis A-B is beat off along it. 

Then the horizontal centre lines 1-1, 2-2, 3-3, 4-4 and 5-5 are laid 
out to the dimensions in the drawing, so that they are at right an¬ 
gles to the vertical axis A-ZT This can be easily checked with a square 
or triangle as shown in Fig. 32. 

The next step is to take the distances between the centres of the 
mounting holes from the actual equipment or drawings and to lay 
them off where the various pieces of equipment are to be in¬ 
stalled. 

Mounting holes can likewise be laid out with the aid of templates 
(Fig. 33), using the main axes of the cell and equipment to be mounted 
for reference. 

On large modern substations and switchgear sites, the marking-out 
of positions for the equipment is done as part of the building work, 
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Section 1-1 



Fig. 31. Outgoing-line switchgear cell: 

/—Isolator; 2 — fuses; a—support insulators 


as is provision of the necessary openings and mounting holes This 
minimises waste of time and labour on hole-driving ? T “ 3 

Advance layout is also practised when structured are assembled 










Horizontal 





holes are provided and insertion pieces are embedded with limited 
accuracy as to their relative position, and the electricians will have 
lo check and correct the final positions. 

A more recent trend has been to set up electrical equipment on 
steel channels (see Fig. 37) and angles embedded in concrete and on 
prefabricated metal frameworks (see Fig. 15) built into the structure 
in the process of building construction. 

In this case the electricians have only to check the embedded 
metal parts and prefabricated metalwork for proper spacing against 
the respective working drawings. 

Building contractors also prepare the positions for very heavy 
equipment, such as indoor minimum-oil, generator-voltage circuit 
breakers, reactors, and power transformers, for which they lay the 
foundations, leaving holes for the anchor bolts to be grouted in. 
The task facing the electricians is to check their dimensions against 
the working drawings. 


7. Placement of Fastenings and Supporting Metalwork 


The placement of fastenings and supporting metalwork begins 
with driving holes for them in the switchgear structure. 

Where the equipment is to be fastened with anchor studs (Fig. 34a) 
or anchor bolts (Fig. 346), or when support metalwork (Fig. 34c) 
requires grouting-in, blind holes will suffice. 

Through holes are driven only where the equipment is to be fixed 
with studs (Fig. 34 d) or through bolts (Fig. 34e). 

Holes are driven with the aid of electric drills or air-operated 
tools. If the number of holes is quite small, they may, as an ex¬ 
ception, be driven with a hammer and chisel. 

Holes, both blind and through, must meet definite requirements 
which are generally specified in the working drawings. 

The dimensions of mounting holes are governed by the follow¬ 
ing rules; 

1. The diameter of blind holes should be 5 to 6 times stud or bolt 
diameter, their depth, 8 to 10 stud or bolt diameters for studs and 
bo ts up to 15 mm in diameter, and 10 to 12 diameters for studs and 
bolts over 15 mm in diameter. 

2 The diameter of through holes should he 2 to 2.5 times that 
ot the bolts or studs. 


, r?' t T oV ideS °/ holes for S routed -‘n support metalwork should be 
1.5 to 2 times the size of the steel shapes from which the support 
is made: hole depth should range from 120 to 150 mm. 
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The grout used for this purpose should consist of one part of 
cement and 2 to 3 parts of sand. When grouting in support metal¬ 
work, one more part of fine-grained gravel or crushed brick is added 
to the grout. 

Fastenings are grouted in as follows: 

f. The hole is cleaned of crushed concrete or brick, dust, etc., 
and wetted with a swabbing brush. 

2. The walls of the hole are given a coat of grout, then the hole 
is filled with grout, and the latter is thoroughly tamped in with a 
trowel. 

3. A dowel, stud, bolt, or a foot of a supporting metalwork is ham¬ 
mered into the grout-filled hole; if the end of the part is threaded, it 
can be protected by placing a pad of softer material (wood) under 
the hammer or screwing on a nut. 

4. As much as possible of the squeezed-out grout is worked back 
in with a trowel, excess grout is removed, and the face around the 
part is finished off flush with the surface. 

5. The embedded parts are checked for proper positioning against 
the laid-out lines. Bolts and studs can be conveniently checked by 
means of laying-out templates, while metal supports are checked 
with a plumb-bob, and a level and straight edge. 

A very efficient method of anchoring fastenings and supporting 
metalwork is with a powder-actuated gun which drives dowels or 
studs directly in concrete, steel and brick work. Examples of this 
technique as supplemented by welding, can be seen in Fig. 35. 



Flg - 3? - Channels em bedded in wall for mounting current transform. 

ers and a bushing in switchgear room 















In the case of prefabricated concrete structural elements the 
works 3 ^ m ° Unt,ng l0les are P rovided at the manufacturer’s 

Another practice is to embed steel pieces and studs (Fig. 36) into 
in-5itu poured concrete, and weld metal supports to the steel pieces 

ded h ?! T ° n ,l , e S ' UdS With nms ' Fi S' 37 shows channels embed'- 
ded in a brick wall for mounting current transformers and a bushing. 


8. Mounting of Support (Post) Insulators 

Support insulators serve to fasten and insulate current-carrying 

parts from earth and other elements which are at a different poten¬ 
tial. F 

Indoor switchgear uses indoor-type support insulators (Fig. 38). 
ihe standard types used in the Soviet Union are summarised in Ta¬ 
ble 4 which lists their principal dimensions and weights, while 



Fig. 38. Support (post) insulators: 

a—with round base fitting; 6—with oval base fitting; c—with 

square base fitting 


Figs 39 and 40 show different classes of support insulators 
grouped by voltage ratings, mechanical strength, and form of base 
fitting. 

Support insulators must comply with the following require¬ 
ments: 

(a) the porcelain must have no chipped spots, metallic inclusions, 
unglazed spots or haircracks in the glazing; 

(b) the cap and base fittings should be securely cemented on; 
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tig. 39. Support insulators 

a—6 kv; b —10 kv; c—35 kv 


(c) the tolerance on lack of parallelism between the cap and the 
base-fitting plane is 1 mm (see Fig. 41a); this tolerance also applies 
to the offset of the cap or base fitting from the centre line of the in¬ 
sulator (Fig. 416); 

(d) insulators should not differ in height by more than ±2 mm. 
Insulators having the same deviation should be used within one 
cell or on one section of busbars. 


Fig. 40. 10-kv support insulators of different mechanical strength 

rating and form of base fitting: 

0— OA-10-kp Insulator; 6—OE-IO-on Insulator; c—OB-lO-ku Insulator 

d —Ofl-lO-kB insulator 









Types, Principal Dimensions and Weights 
of 6-kv and 10-kv Support Insulators for Indoor Use 


Table 4 


Principal dimensions (see Fig. 38), mm 


lype designation 

h 

D 

OA-6-np 

165 

108 

OA-6-ob 

165 

135 

OA-lG-np 

190 

108 

OA-IO-ob 

190 

135 

OB-6-np 

185 

132 

OE-6-ob 

185 

175 

OB-lO-np 

215 

132 

OE-IQ-ob 

215 

175 

OB-IO-kb 

120 

150 

O^-IO-kb 

235 

155 


M12 

2x12 

M12 

2x12 

M16 

2x15 

N116 

2x15 

2x15 

4x15 




Weight per 
insulator, 
kg (appr.) 


2.4 
2.6 

2.5 

2.9 
4.2 

4.9 

4.6 

5.5 
6.4 

7.6 


* d, —diameter of bolt hole or threaded hole size. 
u ■' Sote: The letters in the type of designations stand as follows: 0 for 
^support insulator , A, E, B, for mechanical strength rating, ob, for 
oval flange , kp, for “round flange", and kv, for “square flange”. 


The sequence of installation for support insulators includes: 

(1) marking out of positions; 

(2) placement of fastenings and supports; 



Not over tmm 



to 


Insulator 
centre line 


Fig. 41. Tolerances on lack of parallelism between cap and 
base, and on offset of cap or base from insulator axis 


(3) mounting of insulators; 

(4) aligning and fixing of the insulators; 

(5) connecting to earthing buses. 
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An example of marking out holes for support insulators is given 
in Fig. 32. 

Fastenings for support insulators may be anchor studs, through 
studs or bolts. Anchor studs are mainly used on brickwork (Fig. 42a); 
through studs and bolts, on concrete structural'elements (Fig. 426). 



Fig. 42. Support insulators mounted on 

walls: 

a —with anchor studs on masonry wall; 6—with 
through holts on concrete wall 



Supports for insulators are made from steel angles and strip 
and held in place by anchor studs, through studs, or bolts (Fig. 43), 
or are embedded in walls. 

In mounting, aligning and finally securing support insulators, 
care must be taken that the caps and bases deviate from the longitu¬ 
dinal and transverse axes only within ±1 mm. 



The caps of the insulators in any one group, and also in one cell 
or on a given bus section should be within ±2 mm of the same level 

ffSKr); is checked with a s P irit level and a straight edge 
(tig. 44) Misalignment .is remedied by inserting steel shims under 
the insulator bases, or by slipping steel washers on the fixing bolts. 
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The centre distance between the phases (dimension “a” in Fig. 44) 
and the distance of the outer-phase centre line to a structural sur¬ 
face or earthed member (dimension “6”) must be within ±2 mm of 
the dimension given in the working drawing. This tolerance also 
applies to the insulators of any one phase (along the centre line of 
the phase). 

Support insulators are set up on supporting metalwork and the 
top edges of partitions in the switchgear structure concurrently with 
marking-out. Using a folding steel rule, the positions of the outer¬ 
most insulators at both sides are laid out and then the insulators 



Fig. 44. Support insulator alignment being checked 
with level and straight edge: 
ci—straight edge; 6—spirit level 


are installed. Next a string, thin flexible cable or steel wire is strung 
between two opposite end insulators and the intermediate insula¬ 
tors are set up in line with them. 

Support insulators mounted on brickwork or concrete are earthed 
by means of bolts provided on their bases. The insulators should be 
so mounted that these bolts and, therefore, the earthing busbar strips 
are on one and the same side. 

For reliable electric contact, the mating surfaces of the earthing 
busbar and bolt are cleaned until bright and then given a thin coat 
of petroleum jelly or neutral grease to protect against corrosion. 

YVhere insulators are mounted on metalwork, the individual 
insulator bases need not be earthed, as the entire metalwork is 
earthed. In such instances the bottom surface of the bases and the 
mounting seats on the metalwork are cleaned until bright and 
likewise coated with petroleum jelly or neutral grease. 

Example. Write up a sequence card for mounting OA-6-np support 
insulators and the associated metalwork as shown in Fig. 43. Assume 
that the holes in the brickwork and concrete have been provided by 
builders. 

The form for such a card is given in Sec. 1, and it is filled in as 
shown in Table 5. 
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Mounting Sequence Card 

for Support Insulators and Supporting Metalwork Shown in Fig. 43 
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Note: When the support metalwork must bo mounted right after studs have been embedded, add one litre of 
water glass per bucket of grout. 

Another method of mounting is to lirst mount insulators on a metalwork and then fix the entire assentblv 

in n oen 


Problem. Using the above example for guidance, write up a sequence card 
for mounting three OA-6-np support insulators on brickwork with the aid of a 
bracket, as shown in Fig. 34c. Include in the card the marking out of positions 
for the bracket and hole-driving. 


9. Mounting of Bushings 

Bushings (Fig. 45) serve to carry live parts through walls and 
floors in switchgear structures. 

Some of the standard types of indoor bushings used in the Soviet 
Union, including their main dimensions and weight are given in 
Table 6. 


Table 6 


Types, Main Dimensions and Weight 
of Several Indoor Bushings 


Type 

designation 

Dimensions, mm 

Weight, 

Remarks 

A 

B 

kg 

TIA-6/400 

375 

132 

3.5 

Dimensions according to 
Fig. 45a 

11A-6/600 

406 

132 

4.5 

as above 

nB-10,600 

425 

165 

6.6 

dimensions according to 
Fig. 456 

nE-io/iooo 

625 

175 

13 

as above 

rir>-10,1500 

625 

175 

15.2 

as above 

IIB-6/1000 

580 

155 

17.5 

as above 

riB-io/iooo 

640 

155 

18.5 

as above 

iirim-i-io 

560 

200 

15.5 

dimensions according to 
Fig. 456 and Fig. 466 

iiniu-ii-io 

560 

230 

21.5 

as above 

imui-i n-io 

560 

260 

29 

as above 


In the type designation of these insulators the letter II stands for 
“bushing”; the letters A, B, B, the mechanical strength rating; the 
letter II, “insulator”; and the letter III, “bus or window” type. The 
numerator denotes the kilovolt rating, and the denominator, the 
current rating. The Roman figures I, II and III indicate the mechan¬ 
ical strength rating for 1111111 bus-type bushings (Fig. 46). 

In bushings, the porcelain and cemented metal fittings must meet 
the same requirements as their counterparts in support insulators do. 
Bushings with built-in conductors are also checked to see that the 
conductors are snugly held in place and their threads are not dam¬ 
aged. 


44 


























(3) setting up, alignment, levelling and fixing of the bushings; 

(4) connection to an earthing bus. 

Bushings are usually mounted on ferro-concrete or steel slabs in 
openings provided in floors and walls (Fig. 47 a), or on supports from 
steel strip or angles (Fig. Alb). 




Fig. 47. Examples of hushing mount¬ 
ing: 

a—on reinforced concrete slab; b —on frame¬ 
work made of angles 


At the present time, especially where the scope of erection work is 
large, the concrete slabs and metal supports are put in place by the 
builders during the structural work. 

When mounting, aligning, and finally fixing bushings, care must 
be taken that they are not off the longitudinal and transverse lay- 
ing-out axes by more than ±2 mm. 

The tolerance on the centre-to-centre distance is ±3 mm for the 
dimension specified in the working drawing. 

The longer end of a bushing should be on the chamfered side of the 
opening (see Fig. 47a), which should face away from the control 
aisle when the bushings are mounted horizontally and point down¬ 
ward when the bushings are mounted vertically. 
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Bushings are aligned and levelled by means of a plumb-hob, 
straight edge and spirit level, a folding rule and a scale. Misalign¬ 
ment is remedied by means of split washers or steel shims. 

The flanges of bushings must be earthed as are support insulators. 

Problem. Write up a sequence card (use the form given in Sec. 1) for mount¬ 
ing window-type IiniU-II-10 bushings on a framework from steel angles (see 
Fig. 466). The framework was grouted in by the builders. 


10. Mounting of Isolators (Disconnecting Switches) 


One of the most important measures which ensure safety to per¬ 
sonnel working on high-voltage equipment in substations is to iso¬ 
late it from live buses or apparatus, by providing a visible break 
in the circuit. This function is performed by isolators or disconnect¬ 
ing switches. 

•Isolators or disconnecting switches have no arc-control devices. 
Because of this, they may only be operated on dead circuits first 
opened by the associated circuit breaker, or on energized circuits 
with small charging and no-load currents, when and if so specified. 

Indoor isolators or disconnecting switches are generally available 
in single-pole and three-pole designs (Fig. 48). 

Some of the types used in the Soviet Union and their dimensions 
and weight are listed in Table 7. 


Table 7 


Types, Installation Dimensions and Weight 
of Several Types of Isolators 


Type designation 

Installation dimensions, mm 
(Fig. 48) 

Weight, kg 

A 

B 

P BO-6/400 


480 

7.0 

PBO-6/600 


480 

7.5 

PJIBO-IO/IOOO 


442 

20 

PJIB-111-10/1000 

830 

346 

75 

PBT-I0/1000 

965 

406 

88 

PBK-10/4000 

270* 

455 

200 


* Dimension for one pole. 


The letters and numerals in the type designations stand for: the 
letter P for “isolator”; B, “indoor”; 0, “single-pole”; T (or III) 
three-pole”; JI, “line-current circuit”; K, “square blade”; the figures 
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cb) 

tig 48. Installation dimensions of indoor isolators: 

a— single-pole; 6—three-pole 
































in the numerator for the kv rating, and the figures in the denomina¬ 
tor, for the current rating. 

A general view of a three-pole isolator can be seen in Fig. 49. 

Before they may be mounted, isolators should be thoroughly in¬ 
spected. The contact surfaces should not be pitted, oxidised, or bent. 
The blades should enter the fixed contacts smoothly and without 
bumping. Otherwise, it may be necessary to either shift the insula¬ 
tors of the fixed contact or place steel shims under them. 



Fig. 49. Three-pole isolator: 

f - 2 ha *« t ac, “ atln K lever; j—rocking porcelain 
tie rods, ‘—fixed contacts; 5— force links; 6—magnetic 
latches; 7—moving contact blades 


The blades should be able to move through the angles specified 
irf Table a 8 UfaCtUrer TheS6 3ngleS for Some of the is °l a tors are given 


Angles of Rotation foi the Blades 
of Several Types of Isolators 


Table 8 


Type of Isolator 


£§; tlo kvj ffi 500 °^ a 

rWreVi 000 *■“ ■ 

PBK; 10 kv; 2,000 to 6,000 a 


Angle when fully open, deg. 

operating 

handle 

blades 

shaft 


90 


150 

65 

90 

150 

65 

90 

150 

65 

60 

180 

75 

115 


link’s oUherocCf?“ be ?diusted b 7 altering, the length of the 
the rocking porcelain insulators 3 (see Fig. 49), or by adjusting 
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3-9*7 














the length of the tie rod between the isolator and its operating 
mechanism (see Fig. 54). 6 

Concurrently with adjusting the angle of blade rotation, the three 
contacts are checked to see that they close simultaneously. In isola¬ 
tors for up to 10 kv, the difference between the blades on closing must 
not exceed 3 mm. This means that when the blades of one phase just 
touch their fixed contacts, the blades in the other two phases must 
be not more than 3 mm away from their fixed contacts. 

Next checked is the contact pressure. It is judged by the force 
required to pull a blade from its fixed contact. The force is measured 
with a spring dynamometer and should be 0.3 to 0.4 of the normal 
pressure between the contacts. 



Fig. 50. Isolator mounting: 

a—marking out positions for mounting; 6—Isolator scoured with anchor studs 


The porcelain insulation of isolators must meet the same require¬ 
ments as the porcelain of support insulators and bushings. 

Mounting of isolators. The mounting of isolators includes the fol¬ 
lowing operations: 

(1) marking out of positions for an isolator; 

(2) placement of fastenings or supports; 

(3) lifting of the isolator onto its permanent position; 

(4) alignment and levelling of the isolator and final fixing of its 
baseplate; 

(5) adjustment of blade travel and checking of the contact sur¬ 
faces; 
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(6) mounting of the operating mechanism and. where used, of in¬ 
termediate-linkage bearings; 

(7) mounting of auxiliary switches (interlocks); 

(8) coupling of the isolator to its operating mechanism a mi aux¬ 
iliary switch; 

(9) earthing of the isolator and its operating mechanism; 

(10) overall adjustment. 

An example of marking out the position for an isolator is illus¬ 
trated in Fig. 50a. 



Fig. 51. Isolator mounted on metal supports in a substation assembled from 

precast elements (in process of work) 

Isolators are fixed with anchor studs (Fig. 506) on a brickwork ba; 
and with through bolts or studs on a concrete base. Isolators ma 
also be mounted on metal supports made from angles or channel 

and °52 6S °** S ° lators 010111116(1 on metal supports are given in Figs J: 

andwith^w k 11 . 0 ? in P^ ce , b y haod to heights up to 1.5 metre; 
A f h0lStS 0 l block and tackle t0 greater heights. 

run down thlir ^nH 1S kT* tera , po J arily secured 10 place with nui 

horizontal and * and alig r d with respect to the laid-oi 

norizontal and transverse axes with a plumb-bob and a strain* 

steel shims wider thet! Mi f ali * n “ ent is eliminated by insertfn 
teel shims under the base plate whore necessary. When aligning an 





Fig. 52. Isolator mounted on metal support in conventional concrete partition cell 
































levelling, the shaft should be checked for free movement when op¬ 
erated by hand. 

The isolator can next be finally clamped down by gradually tight¬ 
ening the nuts across in turn. 

Since in the process of installation the isolator contact system may 
become maladjusted, it is necessary to make sure that the blades make 
contact smoothly, that the angle of blade rotation corresponds to 
the one specified by the manufacturer, etc., following the procedure 
outlined above. 



Fig. 53. Mounting of operating mechanism: 
ole and opening layout /or the nP-2 operating mec 
> 01 , b — operating mechanism secured on brick wall 


tim«° 1 pS fS ?? d K thGir ° P u rat i ng mechan * sm 3 are mounted at the same 
time. Fig. 53 shows a hand-operated ITP-2 lever operating mecha- 

3 W f lgh . 1 of 3 T he fi g ure also shows the mounting lay- 

mounted ll “ e A ChaniSm ’, which “ a y be Bx0d w ith anchor studs when 
mounted in the same plane with the isolator or with through bolts 
when mounted in a different plane. ga Doits 

tie^oV^ 0 ^ C ° U i )le r d t0 l* °P eratir 'g mechanism with a tubular 
tie rod (Fig. 54) made from '/.-inch steel pipe. The ends of the rod 

and e th a fi d v l tf ting t C K V1SeS /‘ Isolators are furnished without tie rods 
^nd they have to be made either in workshops, or on the installation 

dia A a dUmmy H? made from wire 5 or 6 mm in 

’ bent to the shape given in the working drawing. The clevis 
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Section A “A 



Fig. 54. Coupling of isolator to its operating mechanism: 

I —operating mechanism; 2 —tic bar to HGA auxiliary switch; 3 —auxiliary switch; /—operating mechanism sector 
lever; 5— lever of operating mechanism. 6 — adjusting clevis; 7—tic rod; Isolator; v— auxiliary bearing; iu— Iso¬ 
lator actuating lever; //—coupling between isolator shaft to extension shaft. /?—extension shaft 


bolts, usually furnished by the manufacturer, are either welded or 
pinned into the ends of the rod. 

The clevises are then hinged to the lever 10 on the isolator shaft and 
the lever 5 of the operating mechanism. 

A short link 2 of steel strip links the operating handle with a KCA 
auxiliary switch 3 which contains two pairs of alternately closing 
contacts. One pair closes when the isolator operating handle is turned 
up, and the other pair 

4 5 6 7 

_ A k±l i 

3 


A ' — - — --— 

closes when the handle is 
turned down, thus complet¬ 
ing the circuits which 
show if the isolator is open 
or closed. The operating 
principle of KCA auxiliary 
switches can be understood 
from Fig. 55. 

After an isolator has been 
coupled with its operating 
mechanism, and the latter 
has been linked with the 
auxiliary switch, the entire 
system is aligned. Satisfac¬ 
tory joint operation of the 
isolator and the operating 
mechanism is first attained, 
after which the auxiliary 
switch is adjusted. 

An adjusted isolator, to¬ 
gether with its operating 
mechanism and auxiliary 
switch must meet the fol¬ 
lowing requirements: 

(1) an isolator should 
close or open on one swing 
of the operating handle, 

^ _ _ all > 





5 


R 


KCA aux. sw. 

(t>) 


1 

from source 
of current 


Fig. 55. Operating principle of the KCA 
auxiliary switch: 

2 _ . through one circuit way; /_ SP r|ne- 
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(5) on an opening stroke the auxiliary switch contacts should 
make or break after the isolator blades have covered 75 per cent 
of their travel. 

When an isolator is actuated by a worm-gear operating mechanism 
(Fig. 56), the crank of the latter should be able to rotate fully clock¬ 
wise to close the isolator, and fully counterclockwise to open the 
isolator. The tolerance in both cases is ±3 mm. 

After overall adjustment the isolator should be given 20 to 30 
trial openings and closings. At the same time the rubbing parts and 



Fig. 56. Isolator worm-gear operating mechanism: 

1— crank arm; 2— body; 3— worm; 4— lever; S —clip for attaching tic rod; «—tic rod to 

Isolator; 7—worm gear 


contacts should be wiped with a rag moistened with petrol, then 
with a dry rag, and lubricated with petroleum jelly. The rubbing 
surfaces of the purely mechanical linkages should be lubricated with 
grease. The greased parts should be wrapped in paper to shut out 
dirt and dust during installation. 

Problem. Write up an operation sequence for mounting an isolator according 
to the drawing in Fig. 52. Tne card should contain all operations, including mark¬ 
ing out the position of the isolator. 
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11. Mounting of Load-breaking Isolators 

In circuits operating at 6 to 10 kv and up to 400 a the relatively 
small load currents are interrupted by load-breaking switches, such 
as BH-16 and BHII-16 switches. 

The principal installation dimensions of a BHri-16 isolator 
which weighs 64 kg are given in Fig. 57 and Table 9, and its general 
view, in Fig. 58. 



Dimensions 
(Fig. 57) 


Dimensions by fuse type, mm 


riK-6/30 riK-6/75 nK-B/lSO ITK-10/30 nK-10/50 I1K-I0/100 
















Before mounting, a load-breaking isolator should be inspected ex¬ 
ternally. much as any other isolator. Additionally, its plastic arc 
chutes 2 are checked for breaks and cracks (see Fig. 58) and for min¬ 
ing gas-generating packs 3. It is very important that the arcing 
contacts 4 are not bent and that they enter the gas-generating packs 
easily and positively. 

I he installation procedure for a load-breaking isolator is general¬ 
ly the same as for an ordinary isolator. 
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Fig. 58. General view of BHn-16 load- Fig. 59. Layout sketch for 
breaking isolator: the BHn-16 isolator 

l— opening spring; 2 — plastic arc chutes; 

J— plastic gas-generating pack; /—arcing con¬ 
tact blade; s— ruse; c and 7—load-carrying 

contacts 


Its permanent position is first marked out according to a sketch 
as shown in Fig. 59, and the fastenings, which may be either anchor 
studs or M16-bolts, are installed. 

Then the isolator is lifted in position, temporarily secured, and 
then plumbed and levelled. 

When plumbing and levelling, care must be taken that the contact 
assembly, especially its arc-control devices, operates positively and 
smoothly. This is checked by opening and closing the moving system 
of the apparatus by hand. 

The operating mechanism of a load-breaking isolator is mounted 
when the isolator is in place. The operating mechanism generally 
employed is the I1PA-12 weighing 6 kg (Fig. 60a). 
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It is usually mounted on an 
angle iron bracket grouted in 
as shown in Fig. 606. 

I he isolator is coupled with 
its operating mechanism by 
means of a tie rod made from 
: ,-inch steel pipe (Fig. 60c). 
Adjusting clevises are cither 
pinned or welded to both ends 
of the tie-rod pipe. 

A load-breaking isolator and 
its operating mechanism are 
aligned for joint operation 
much as a three-pole isolator 
is, but main emphasis is placed 
on the arcing contacts which 
should enter the plastic arc 
chambers and the fixed jaws 
freely and precisely. 

A precaution always to be 
observed in adjustment is that 


Fig 61. BI1-1G load-breaking 
isolator in a switchgear cell 


when the operating mechanism is being actuated, the arcing blades 
must never be touched, or else grave injury may result. 

After installation, the contacts of the apparatus should be 
given a thin coat of petroleum jelly, and all rubbing parts of 
the switch and operating mechanism should be lubricated with 
grease. 

The final operation is to give the isolator ten trial closings, after 
which it may be handed over for service. 

Problem. Using Fig. 61 for reference, write up a sequence of opera¬ 
tions for a BH-16 load-breaking isolator to be installed in a switchgear 
cell. 
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12. Mounting of Br-10 Hard-gas Circuit Breakers 

BF-10 hard-gas breakers are based on the same principle as the 
load-breaking isolators discussed in the preceding section. They 
differ however in that they have more powerful cross-blast arc-con¬ 
trol chambers.These circuit breakers are rated for voltages up to 10 kv 



Fig. 62. BT- 10 bard-gas circuit breaker: 

l— barrier; 2—shackle; 3 —guide assembly; 4 —contact blade; 3— arc-control cham¬ 
ber; 6 opening spring; 7— welded steel Iramo; 8— circuit-breaker shaft; 9 —contact 

blade operating lever; 10 — double-insulator support 


and currents up to 400 a. The main overall and installation dimen¬ 
sions are given in Fig. 62; a cross section through the arc-control 
chamber can be seen in Fig. 63. This circuit breaker weighs 300 kg. 

The Br-10 circuit breaker comes from the manufacturer’s works 
fully assembled and adjusted. It is mounted with M12 studs on 

brickwork or concrete structural members, and with bolts on metal 
supports. 
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The circuit breaker is lifted into it? permanent position with block 
and tackle. After plumbing and levelling, it is finally clamped down 
by its fixing bolts. During mounting, the blades 4 (Fig. 62) should 
be checked to see that they enter the throats of the arc-control cham¬ 
bers 5 properly, and that the breaker mechanism does not seize. 

The BT-10 hard-gas circuit breaker is operated by a IinP-21 spring- 
loaded lever mechanism (Fig. 64) which weighs 19 kg. 



Fig. 63. Arc-control chamber of the Br-10 breaker: 

/—spring; 2 —valve pin; J—textolitc wall; /—gasket; 5—gas vent; 6— cooling tubes; 
7 —base of fixed contact; 8— cheek of paper-laminate; 9—insert; 19—gate of organic 
glass; //—cheek of organic glass; /*—stud; /./—spring; //—p.v.c. tubes; 15 and 

16 —insert blocks; 17 and /S—pins; /9—(lap valve 


In mounting the nnP-21 operating mechanism, the last to be 
installed is its I1P-3B spring-loader 18, which is followed by a strut 1, 
fitted between them. The strut is made from 50x10 mm steel 
strip and gives the entire assembly greater rigidity. It should be 
fitted so as not to misalign the system. The operating mechanism and 
the spring-loader are coupled together by a tie rod 2 of such a length 
that when the lever is up the clearance between the pusher 6 and the 
ratchet 11 is about 6 mm. 

The operating mechanism is then coupled to the shaft 8 (see 0 ( in 
Fig. 64) of the circuit breaker by means of an arm 13. Simultaneously 
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the control and signal unit 17 is mounted and linked with the operat¬ 
ing mechanism by means of the position-indicator tie rod 15 and the 
manual-operation tie rod 16. 

When the circuit breaker and its operating mechanism are being 
adjusted for joint operation, the closing spring 4 is loaded by giving 
the loading handle two strokes down and two strokes up. This will 
rotate the loading lever 5 about the axis 0 2 , causing the closing trip- 
free mechanism 8 to turn the ratchet 11 through an angle close to 
90 degrees. The tie rod 9 pivoted to the ratchet will then change its 
position, thus stretching and loading the closing spring 4. A latch 
holds the ratchet in the new position and the operating mechanism 
is now ready for operation. 

The operating mechanism can be remotely controlled by energis¬ 
ing the electromagnet 3 which then pulls in its armature and releases 
the latch of the closing trip-free mechanism 8. Now the ratchet 11 
is free to engage and turn the closing lever 10 under the action of the 
closing spring 4 counterclockwise, thus closing the breaker through 
the arm 13 which is coupled with the lever 10. 

Closing by hand is accomplished from the control and signal unit 
17 through the tie rod 16 and a leverage. 

In the case of remote control and automatic opening, one of the 
trip coils in the unit 14 of the operating mechanism is energised to 
release the opening trip-free mechanism 12. Manual opening is accom¬ 
plished from the control and signal unit by means of the same lever¬ 
age as in closing. 

The tie rod 16 with which the circuit breaker is closed or opened 
manually should be so adjusted in length that the small cast-iron 
lever on the unit is in a horizontal position when free. When it is 
lifted, the breaker should close, when lowered, the breaker should 
open. 

The length of the tie rod 15 which controls the position indicating 
target should be adjusted so that the inscriptions on the indicator 
agree with the actual position of the circuit breaker. 

When adjusting the breaker and its operating mechanism for 
joint operation, the distance between the end of the blade 4 (see 
Fig. 62) and the undersurface of arc-control chamber 5 must be kept 
within 95 and 105 mm, with the breaker fully opened. 

In the course of erection, pipes extending to the atmosphere out¬ 
side the substation building are fitted to the gas vents. Where several 
hard-gas circuit breakers are installed in a row, a common vent head¬ 
er is provided and the individual gas vents are connected to it. 

Problem. Write up the mounting procedure for a 13P-10 hard-gas circuit 
breaker. 
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13. Mounting of BME-10 Oil Circuit Breakers 

The BME-10 is a single-tank oil circuit breaker of the 10-kv class 
available in current ratings from 200 to 1,000 amperes. It has a dry 
weight of 120 kg and takes 50 kg of oil. For its installation dimen¬ 
sions and design features refer to Fig. 65. 





















assembled, but^thout^TheyTe in™ lied oTa’m^aTsuppln 
made from 50x50 mm angles, such as shown in Fig. 66. A circuit 

5rss s^s? with a ha,f - ton bLk aiid ;s 



Fig 66. One way of installing a BME-10 oil circuit breaker on a metal framework 


The support should be put in so that the axis of the circuit-break¬ 
er shaft is 70 mm above the top surface of the support and this sur¬ 
face is at least 1,050 mm above the floor of the cell so that the tank 
can be lowered when the circuit breaker is open. 

After the circuit breaker has been mount¬ 
ed in permanent position, its tank is low¬ 
ered, using the lowering bars suspended from 
its top plate (Fig. 67). 

The contacts of the circuit breaker are 
inspected to see that the lower bevelled 
ends of the fixed contacts 8 (see Fig. 65) 
are in a horizontal plane. If they are not, 
the respective bushings should be unbolted 
from the top plate and turned about their 
axes to bring the bevelled ends of the con¬ 
tacts into the proper position. Care must be 
taken that this does not change the angle 
that the bushings make with the axis of 
the circuit breaker. 

BMB-10 oil circuit breakers use the manual I1PA-10 automatic 
operating mechanism shown in Fig. 68. 

To couple the shafts of the circuit breaker and operating mecha¬ 
nism, their centre lines must be aligned to within ±2 mm. 

Adjustment of the breaker and operating mechanism for joint op¬ 
eration includes a check on the travel of the contact-carrying cross- 



Fig. 67. Lowering of 
BME-10 breaker tank 
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arm, which should be anywhere between 100 and 104 mm. When 
the circuit breaker is closed, the stroke is limited by a stop bolt 5 
(see Fig. 65) screwed into the cover plate and fixed by its lock nut. 
This bolt prevents the operating mechanism from coming too close 
to the dead centre position. 

Another point requiring checking is contact pressure. This is done 
by slowly closing the breaker until the contact 7 just touches the 



Fig. 68. nPA-10 operating mechanism: 

l—front bearing; 2 —link; J—Interlocking contacts; 4 —mechanism frame; 5 —coupling fork; 
shaft; 7—plate serving as rear bearing; S—two-arm operating lever 


fixed contact. In this position a pencil mark is drawn on the insulat¬ 
ing lift rod opposite the end of the fixed contact. The circuit break¬ 
er is then fully closed and a new mark is drawn on the lift rod. If 
the distance between both marks is from 11 to 13 mm, the travel 
inside the contacts is considered normal, and so is the contact pressure 
because a sufficient load is brought to bear on the springs 6. When¬ 
ever necessary, the travel in the contacts, and, hence, their pressure 
can be adjusted by an angular shift of the operating mechanism 
shaft relative to the circuit breaker shaft. 

The contacts are checked to see that they make and break simul¬ 
taneously in each phase. 
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Finally, the circuit breaker and operating mechanism are checked 
to see that their closed and open positions fully agree. If a repeated 
check confirms that the stroke of the cross-arm and the travel within 
the contacts are correct, the shafts of the operating mechanism and 
circuit breaker may he coupled finally. The coupling fork on 
he operating mechanism shaft is locked with a taper pin 60 mm 
long and 8 mm in dia The coupling fork on the circuit breaker shaft 
is usually pinned at the manufacturer’s works. 


ProWem. Make a drawing and describe the fabrication of a metal 
voik fora BME-10 oil circuit breaker in a 6-10 kv switchgear cell. 


fra me- 


14. Mounting of BMT-133 Minimum-oil Circuit Breakers 

The BMT-133 oil circuit breaker* is of the minimum-oil class of 
apparatus designed for indoor service in both heated and unheated 
locations. It is available in voltage ratings up to 10 kv and current 
ratings up to 600 amperes. 

I he main overall and installation dimensions and a general view 
of this type of circuit breaker are given in Figs 69 and 70, respec¬ 
tively, while Fig. 71 shows a section through one pole pot. 

The circuit breaker has a dry weight of 180 kg, and its three pots 
take 10 kg of oil. 

The circuit breaker to be installed is first unpacked and inspected 
for broken porcelain, oil-level indicators, and paint coverings, 
for traces of corrosion and any other external defects, and also for 
missing parts. 

The mounting procedure. The first thing to do is to mark out po¬ 
sitions for fastenings (Fig. 72). Where the circuit breaker is to he 
mounted on a brick wall, four M16 or M18 studs. 130 to 150 mm long, 
should be grouted in blind holes in the wall. In the case of a con¬ 
crete partition, through bolts of the same size are used, with a length 
the thickness of the partition plus 50 mm. On a metal framework 
these circuit breakers are likewise secured with bolts. 

Next, the breaker frame is lifted into place with a block and tackle 
to the upper part of the cell or, in some cases, by hand and slipped 
on the studs or bolts (Fig. 73). 

The frame is temporarily secured at two upper points and is care¬ 
fully plumbed and levelled. If the angle supports of the frame do 
not fit closely to the wall, split washers should be put on the bolts 
or studs in the gap between the frame and wall. 

Now the nuts on the studs or bolts are tightened and the break¬ 
er shaft 7 is turned by hand to see that it does not bind (see Fig. 70). 


* The BMT-133-II modification is discussed here. 
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tact rod; /J—flexible connection; it — 
connecting Iuk; IS— l>usliIntr insulator; 
16 —cluster contact shank 



























Any binding of the shaft is a sign that the frame is not set straight 
Ibis must be eliminated before the nuts are finally screwed tight 
After the frame has been mounted, the pots 2 (Fig.'TO) are mounted 
and the moving contact rods 12 are checked to see that they will 
drop by gravity from a height corresponding to the open position of 
the breaker and enter the cluster contacts 10 by at least 40 mm. If 



Fig. 71. Cross section through a BMT-133 breaker pole pot: 

I—cluster contact; 2—bail valve; 3 —steel chamber of baffle space; /—oil baffle; .5 — oil- 
filling hole plug; 6— cover; 7—steel cylinder; 8— bakellsed-paper distance sleeve; arc- 
control chamber; 10 — bakellsed-paper support sleeve; if—oil drain hole and plug; 12 — 
plywood ring; 13— cluster contact gasket; 14 —brass washer; 15 —brass nut 


any one of the rods sinks into its cluster contact less, if at all, its 
insulator 15 is out of alignment. The latter should then be realigned. 

The pots should be mounted on support insulators 3 bearing the 
same numbers (1 and 1; 2 and 2; 3 and 3). If the pots come separate- 
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ly f r om the frame, it is necessary to make sure that the serial num¬ 
bers on the frame and the pots are the same. This is done in order 
that a given pot may be set in the same position as it was first assem¬ 
bled, adjusted and tested at the manufacturer’s works. 

The pots are next checked for vertically with a plumb-hob and 
for centre-to-centre spacing, which should be 250±5 mm. 1 lie pots 
are then clamped in place by bolts 4 (Fig. 74), and their contact 
rods 12 are linked to porcelain tie rods 11 (see Fig. 70). 


A general view of a BMT-133 
circuit breaker mounted in 
place is given in Fig. 75. 

Coupling of the circuit 
breaker to a IIC-10 or I1PBA 
operating mechanism. The 
BMT-i33 breaker is ordinarily 
operated by a fIC-10 solenoid- 



towest port of pots 


Fig. 72. Layout drawing for 
a 13MIM33 breaker 



Fig. 73. Mounting of the BMT-133 
breaker frame on a wall 


type mechanism (Fig. 76), weighing 45 kg and both are mount¬ 
ed concurrently. 

The hole layout and mounting of the nC-10 operating mechanism 
can be seen in Fig. 77. 

After the circuit breaker and operating mechanism have been mount¬ 
ed, the shaft extension 6 (see Fig. 77) is fitted and an arm 2 is put on 
the breaker shaft. The operating mechanism is then set in the closed 
position and another arm 7 is seated on the shaft extension at an an- 
gle of 30 degrees from the vertical. Holes are then drilled and reamed 
in the shafts and their respective arms in the as-fitted position to 
lock the arms on the shafts with taper pins 60 mm long and 8 mm 
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I hen the operating mechanism is put in the open position, and the 
arms on the two shafts are connected by the remote control tie 
rod. 

In the above case the intermediate bearing 8 (see Fig. 77) is mount¬ 
ed on the breaker frame. However, it may be placed externally to 
the breaker, as shown in Fig. 78, in which case it is held in place by 
studs or bolts, depending on the material of the support. 



/—nut; 2—Ml2 holt; 3 —base fitting; 

4— clamping bolt; pot; 6— cap fitting; 

7—shoulder; 5—doubled support insula Fig. 75. General view of a mounted 
tors; o breaker frame BMP-133 breaker 


BMr-133 breakers may also be operated by a I1PBA lever-type 
mechanism provided with a semaphore position-indicator and 
capable of automatic tripping. This mechanism weighs from 25 to 
27 kg. 

Fig. 79 shows a [1PBA mechanism mounted for operation of a 
BMP-133 circuit breaker. 

The linkage between the circuit breaker and the operating mecha¬ 
nism is installed when the latter is in the open position. The length 
of the rods 1 and 3 should be so adjusted that when the operating lev¬ 
er is turned all the way down in the open position the trip-free 
catch should engage the pivot pin of the latch. If it does so before 
the operating lever has moved all the way down, the tie rod 1 should 
be shortened. If, however, the lever reaches the stop without this 
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old plunger; 2 —HCA auxiliary switch 
j—HCy auxiliary switch; opening coil 
5—manual trip button; 6 —closing -coil 
7 —lever for manual closing 
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Fig. 77. BMIM33 breaker with a IIC-10 operating mechanism: 

breaker frame; 2—breaker shaft arm; J—operating mechanism shaft; pins; 5—coupling sleeve; g —extension shaft; 7—arr 

Intermediate bearing 



engagement taking place, the tie rod must be lengthened. When 
the operating mechanism is in the closed position, the circuit breaker 

should also be in the fully closed position. 

If the circuit breaker turns out to be incompletely closed, the tie 
rod 3 must be shortened. If, however, the circuit breaker tully closes 
before the operating handle i , j 


has moved all the way up, 
the tie rod must be length¬ 
ened. 

Still another mechanism 
used tooperateBMr-133break- 
ers is the Ylim universal 
spring-weight loaded type 
weighing 80 kg. 

This operating mechanism 
may be mounted either on a 
masonry wall or a metal frame¬ 
work of sufficient rigidity. 
When wall mounted, these 
mechanisms are secured by 
means of M16 through bolts 
having a length of Z+50 mm, 
where Z is wall thickness, and 
are passed through 50 X 50 mm 
steel angles on the other side 
of the wall for greater rigidity. 

The shafts of a BMr-133 
breaker and ynm operating 
mechanism are connected by 
a linkage as shown in Fig. 80. 

Adjustment of a circuit 
breaker and its operating 
mechanism for joint operation. 
After a circuit breaker has 
been coupled with its op- 
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Fig. 78. Another method of mounting a 
BMr-133 breaker with a IlC-iO operating 
mechanism (intermediate bearing separ¬ 
ately mounted) 


erating mechanism, they are given final adjustment for joint 
operation. This involves adjustment of contact rod travel to within 
250±5 mm.In the open position the middle lever on the circuit break¬ 
er should bear upon the oil dashpot striker head (Fig. 82), while in 
the closed position it should bear on the spring buffer bolt head 
(Fig. 81) so that the spring is compressed 14±1 mm. 

The clearance between the spring buffer washer and buffer hous¬ 
ing in the closed position should be anywhere from 0.5 to 1.5 mm. 
If the clearance is less than 0.5 mm, the contact rods on a closing 
stroke may be stopped too early. If the gap is greater than 1.5 mm, 
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4 holes 016 






















hg. SI. Position of middle lever when Fig. 82. Position of middle lever 
breaker is closed (lever end bears on when breaker is open (lever end 
spring-buffer bolt head) bears on oil dashpot striker head) 


the contact rods may go too deep into their cluster contacts, causing 
a severe shock to the circuit breaker and even breaking the support 
insulators and porcelain tie rods. 

The gap can be reduced by placing washers be- 



Fig. 83. Measuring 
of the overtravel 
gap for the contact 
rod: 

/—adapter; 2 —con- 
necttng block; 3 —head 
of porcelain bushing 
cap bolt 


tween the bolt head and the buffer washer. 

In the closed position of the circuit breaker 
the distance between the end of a contact 
rod and the base of its cluster-contact should 
be anywhere from 25 to 30 mm. Provision of 
this distance, which may be called the over- 
travel gap, prevents the rods from moving past 
the limiting position. 

To check the overtravel gap, the circuit 
breaker is set in the closed position, the con¬ 
tact rod is detached from the porcelain tie rod 
and lowered until it is abutting with the base of 
the cluster contact. A mark is drawn with a 
pencil on the rod level with the porcelain bushing. 
The contact rod is then lifted and attached to 
the porcelain tie rod, and another mark is drawn 
in this position. The distance between the marks 
will give the overtravel gap. 

When necessary, the overtravel gap can be 
adjusted by means of the adapter 1 on the con¬ 
tact rod (Fig. 83). As the cluster contact is 70 mm 
high and the overtravel gap is 25 to 30 mm, the 
contact rod should move 40 to 45 mm into the 
cluster contact. 
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A distance equal to the overtravel gap should be maintained be¬ 
tween the block 2 receiving the flexible connection, and the bolt 
heads 3 on the bushing cap. 

The circuit-breaker frame should be connected to the earthing 
system • 

In conclusion the threaded fastenings should be checked to see 
that they are fully tightened and locked, the oil in the circuit-break¬ 
er pots checked for proper level in the oil gauges, and the rubbing 
parts of the circuit breaker, operating mechanism and linkage lubri¬ 
cated with petroleum jelly or a nonfreezing grease. A thin coat of 
petroleum jelly should also be applied to the contact rod. Then the 
circuit breaker should be examined for proper adjustment and 
the control circuits checked for completed connections and proper 
voltage. 

After ten trial closings and openings, and final inspection of the 
circuit breaker and its operating mechanism, the apparatus may 
be turned over for service. 

Problem. Write up an operation sequence for mounting a BMIM33-II 
circuit breaker according to Fig. 78. 


15. Mounting of MIT-10 Oil Circuit Breakers 

The MIT-10 is a generator oil circuit breaker intended for use 
in circuits with heavy (generator) currents at voltages up to 10 kv. 
It is designed for indoor installation in dry, heated and unheated 
locations. These circuit breakers are available in current ratings of 
2,000 and 3,000 amperes. 

A general view and the main dimensions can be seen in Fig. 84. 
The dry weight of a MIT-10 breaker is 580 to 600 kg, and its six 
pots take 20 kg of oil. 

MIT-10 breakers are operated by a 113-2 solenoid meohanism 
weighing 173 kg. A general view, the construction, and overall 
dimensions of the latter are given in Fig. 85. 

Visual inspection. Once on the erection site, the circuit breaker, 
still in its packing crate, should be immediately taken into a dry 
room, checked for damage to the packing crate, unpacked, taking 
care to avoid any injury to the contents, and examined for breakage 
caused during transportation. At the same time the contents are 
checked against the packing list for missing parts. 

If visual inspection reveals moisture on the outer surfaces, the ba- 
kelised sleeves of the pots and the arc-control chambers must be 
examined thoroughly. If these parts are found to be moist, they must 
be allowed to dry in an oven at 80° to 90°C for 48 hours, or kept 
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Fig. 84. General view and main dimensions of a MIT-10 oil circuit breaker: 

—insulating barriers; 3 —Insulating lift rod; 4 — sllumin cross-head carrying the moving contacts; 
cylinder, tf—support insulator; 7—operating mechanism; s—shaft; linkage 






Ftg 85. n3-2 solenoid operating mechanism (in 

closed position): 

/—closing coll; s-latch; J-rollci shaft; ^-trlp frce mech¬ 
anism; 5—safety bolt plate; 0 — opening coil; 7—shaft! 

*—tie rod to breaker 







Fig . 86. Installation drawing for a MIT-10 breaker and its H3-2 operating inechanisvn: 

1 —strut; 2 —pipe tie roil 






















submerged in dry transformer oil at 70° to 80°C for the same inter¬ 
val of time. , . rp, 

Mounting of the circuit breaker and operating mechanism. 1 lie 
circuit breaker should be mounted on the floor of the switchgear cell 
or on a special foundation prepared by the builders. The bolt holes 
for the circuit breaker and its operating mechanism should also be 
provided by the builders to a layout drawing made on the basis of the 
installation drawings (Fig. 80). 

The circuit breaker is pulled to its ceil on a truck or on rollers by 
a hand-operated or electric winch. 

The circuit breaker must be put in its permanent position to the 
installation drawing so that the four holes in its frame are opposite 
the holes left in the floor or foundation. M20 anchor bolts are then 


passed through the holes for the 
builders to grout them in. Be¬ 
fore the circuit breaker is finally 
bolted down, boiler-steel pads 8 
to 10 mm thick are placed under 
the breaker frame to protect the 
concrete from crumbling due to 
the shock loads when the circuit 
breaker is closed or opened. 

The operating mechanism is 
mounted concurrently with the 
circuit breaker and is clamped 
in place with M20 bolts on a 
concrete slab or steel channels 
set up in advance. 

The circuit breaker and its 
operating mechanism must be so 
positioned relative to each other 
that their operating levers linked 
by a common tie rod are in the 
same plane. The circuit-breaker 
frame should be levelled and 



Fig. 87. Operating mechanism in proc¬ 
ess of being pushed past the closed 

position: 

i—roller shaft; 2 —hold-in latch; j-jack 


plumbed before the nuts may be screwed onto the anchor bolts, and 
the bracing strut (see Fig. 86) may be installed between the circuit 
breaker and the operating mechanism. 

Take-down inspection. In the process of installation, the circuit 
breaker is usually given a take-down inspection during which the 
crossheads are removed, the arcing rods are pulled out, and the pots 
are taken apart. First the latch which holds the breaker in the closed 
position is released. Before this can be done, the operating mechanism 
should be pushed past the closed position by hand so that the roller 
shaft 1 (Fig. 87) stops slightly beyond the hold-in latch 2 \ the tie 
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Fig. 89. Upper part of MIT-10 circuit 

breaker contact system: 

/—bushing; 2 —clamping bolt; arcing rod; 
/—nut; sllumin crosshead; 6—spacer. 7—blade 
























rod is connected between the circuit breaker and operating mecha¬ 
nism; and the circuit breaker is now made to go past the closed 
position to release the temporary shackle, which is then taken off and 
the circuit breaker is slowly opened as far as it will go. 

For the purpose of erection and adjustment the circuit breaker 
can be closed and opened by means of a jacking device 3 The jack is 
placed under the lower end of the operating mechanism plunger, its 
pawl (Fig. 88) is placed in the required position, and the jack lever 

is swung from right to left and back. For ease of operation, a 1^-incb 


pipe, 1 to 1.5 metres long, can be slipped on its lever. 

After the circuit breaker has been opened, it is partially disman¬ 
tled in order that some of its parts can be inspected. First the nut 4 
(Fig. 89) is unscrewed and the clamp¬ 


ing bolts 2 which hold the arcing 
rods 3 in the silumin crosshead 5 are 
slackened. The arcing rods are then 
allowed to enter their fixed cluster 
contacts 4 as far as they will go 
(Fig. 90). Next the insulating rods 3 
(see Fig. 84) are detached from the 
breaker mechanism (Fig. 91) and re¬ 
moved together with the crossheads. 
Following this, the arcing rods are tak¬ 
en out and the pots are dismantled. 

Disassembly and re-assembly of the 
pots. The covers 13 and their bushings 
(see Fig. 90) are removed first, fol¬ 
lowed by the bakelised sleeves 1 and 
arc-control chambers 2 (Fig. 92).- 

The cluster contacts are inspected 
visually and by touch, without remov¬ 
ing them from the pots. For visual 
inspection, a 12-volt lamp should be 
lowered into the pot. If there is doubt 
as to the condition of the cluster con¬ 
tact, it ought to be taken out with a 
special key (Fig. 93) furnished with 
the breaker by the manufacturer. 

The internal surfaces of the pots 
should be rinsed with pure transformer 
oil. At the same time the pots for the oil 
gauge 10 and valve 8 should bo checked 
to see that they are not clogced 
(Fig. 90). This is done by pouring 



Ftg 90. Cross section through 
breaker pot: 

l —steel cylinder; ?—upper bakelised- 
paper sleeve; 3— arc-control cham¬ 
ber; 4 —cluster contact; 3 —lower ba 
kollsed-paper sleeve; 6—-boss of clus¬ 
ter contact; 7—oil drain plug; S — 
ball valve; 9— reservoir; 10 —oil 
gauge; /i—oil baffle; 12 —oll fllliug 
hole and plug; is— cover and bushing 
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transformer oil into the pots through the oil filler 12 and by check'- 
ing the oil level in the oil gauge and in the pot. If the oil level 
is the same in both, the oil gauge and valve are in good condition. 

The insulating parts taken out of the pots and also the porcelain 
insulators are wiped with clean dry lint-free rags. 

If all the parts taken out of a pot are good, they may be re-assem¬ 
bled in a reverse order. 

When replacing a cluster contact (if it has been removed from its 
pot), it should be examined to make sure that the tinned end of the 
boss 6 is clean (see Fig. 90). 



Fig. 91. Breaker mechanism: 

1 —hanger link; 2—rocking lever; J—Insulating lift rod; ^—oil dashpot; .5 —stop for closed 
position; 6— three-arm lever; 7—shaft; 8 —opening springs 


When the arc-control chamber is put back in place, a gap of 10 
to 15 mm (distance D in Fig. 94) should be provided between the 
bottom surface and the top of the cluster contact. 

For this, the height of the arc-control chamber (dimension B) 
is measured first and then the distance from the cluster-contact fin¬ 
gers to the upper edge of the pot (dimension/!) is taken with a steel 
scale. After the arc-control chamber has been inserted in the pot, the 
distance between the top of the chamber and the top of the pot 
(dimension C) is measured. 

The distance from the chamber to the cluster contact (dimension^) 
can now be determined as the difference of the measured dis¬ 
tances, i.e., 

D = A — (B + C). 
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If dimension D happens to be other than 10 to 15 mm, the mounted 
height of the chamber within the pot (dimension C) should be 
changed accordingly by inserting pressboard rings under the lower 
bakelised sleeve 3 (see Fig. 92), or by reducing its height. 

The holes in the upper bakelised sleeve 1 should coincide with 
those in the steel cylinder. 

Care must be taken that the tinned ends of the pots are clean when 
the covers and their bushings are put on. Their bolts must be tight¬ 
ened uniformly to avoid misalign¬ 
ment. At the same time the 
arcing rods should be checked 
to see that they are free to move, 
without binding or excessive 
friction This is done by releas¬ 
ing the arcing rod from a height 
of about 500 mm (the distance 
from rod top to bushing top). The 
arcing rods should sink 100 mm 
into their cluster contacts by 
gravity alone. 

The next stop is to check the 
pots for correct positioning and 
mounting. Their verticality is 
checked with a plumb-bob, and 
their spacing with a folding rule 


HI 


Si 


If 

— 

1 

■ 



1/ 


H 


_ 



Oi e 
[O ©— 
.Oi ® 


Pig. 92. Arrangement of parts in the 

pot: 

/~, upp £ r bakellscd-paper sleeve; 2—arc-con- 
lro1 chamber; a —lowor bakellsed-pape* 
sleeve; cluster contact 



Fig. 93. Key used for remov¬ 
ing a cluster contact 



or a scale. The ccnlre-to-centre distance between the pots of a 
phase should be 370 mm, and between the pots of two adjacent 
phases 300 mm. At the same time the operating contacts of the pots 
of each phase are checked for alignment 
The pots of each phase should also he checked for their position 
relative to the rocking lever 2 of the breaker linkage (Fig. 91). 



Ftg. 94 Setting of the arc-control chamber 
in the MIT-10 circuit hreakei 


A plumh-bob dropped from a point midway between the two pots of 
a phase (370 i 2=185 mm; see Fig. 86) should come within not 
more than 3 mm of the midpoint of connection between the rocking 

lever and the insulating lift rod. 

If necessary, the pots and their support insulators together may 
be slightly shifted relative to the frame owing to the clearance in 
the frame holes The fastening of the support insulators (fig. Ji)) 
also permits vertical adjustment of the pots. .. 
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Mounting of the breaker contacts. The arcing (or contact) rods 
should first be cleaned and lowered as far as the bottom of the clus¬ 
ter contacts. Then the insulating lift rods, moving operating contacts 
and crossheads are put in place, and the lower ends of the insulating 

lift rods are connected to the breaker mechanism 
The arcing rods are then pulled out of their pots and secured to 
their crossheads temporarily, and the pots are finally aligned an 
secured so that the arcing rods pulled out of them will enter accurate¬ 
ly their holes in the crosshead. The arcing rods are locked in the up¬ 
permost position to prevent them from reaching the bottom of the 
cluster contacts. 



Fig 95 Fastening of the support insulator 


Prior to adjustment, the pots should be filled with pure transform¬ 
er oil, so should the oil dashpots 4 (Fig. 91) which must be filled 
with Grade “C” machine oil to about half their height. 

Adjustment of the circuit breaker and its operating mechanism 
for joint operation. Adjustment is commenced when the circuit 
breaker has been mounted. First the length of the tie rod which links 
the circuit breaker to the operating mechanism should be adjusted 
so that when the operating mechanism is in the closed position, the 
circuit breaker is also closed. In the closed position the roller shaft# 
(see Fig. 85) in the operating mechanism should bear upon the hold- 
in latch 2. In the closed position, the breaker linkage is locked by 
stops 5 (see Fig. 91). When adjusting the length of the tie rod, its 
end should be scrowed at least 25 mm into the adapter. 

Next the travel of the movable contacts of the breaker is checked. 
Using a screwjack, the circuit breaker is fully opened, i.e., until 
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Fig %. Preaker contacts in the closed position: 
a —for 2,0UU-a breaker. 6—for 3,000-a breaker 

the breaker linkage conies against the stops 5 near the oil dashpots 4. 
The contacts should normally move 290 to 300 mm. 

After that the main contacts are adjusted. The main contacts should 
be set as shown in Fig. 96 by adjusting the length of the lift rods. 

Then come the arcing rods which are adjusted for their travel in 
the cluster contacts, which normally is 90 to 95 mm. The instant 
when the contacts touch each other is determined by means of a 
simple test lamp circuit in which the lamps light up just as the con¬ 
tacts meet. 

1C. Mounting of MIT-229 Oil Circuit Breakers 

The MIT-229 is also a generator-current oil circuit breaker of the 
minimum-oil class designed for indoor installation in heated and 
unheated locations. It is used in circuits of large current-carrying 
capacity (up to 5,000 amperes). This circuit breaker weighs about 
2,000 kg dry and takes 54 kg of oil. 

A general view of the circuit breaker can be seen in Fig. 97. 

This oil circuit breaker comes from the manufacturer’s works with 
its linkage locked in the closed position and in a common packing 
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crate with its oil baffle chambers 19 and gas vent pipes 16 (Fig. 98) 
detached for transportation. This crate also holds a spanner for un¬ 
screwing the cluster contacts and the telescopic screwjack, by the aid 
of which the breaker can be closed and opened manually. 

The breaker linkage is locked by a shackle which secures the lever 
of the main shaft 4 to the frame 5 of the circuit breaker. 

After unpacking, the circuit breaker is thoroughly inspected ex¬ 
ternally and checked for broken porcelain insulators and missing 
parts. 
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Pig. 97 General view of the MIT-229 oil circuit breaker 
(with the oil baffles and the vent pipes removed) 

Mounting of the circuit breaker and operating mechanism. The 
circuit breaker is moved into its permanent position by means of 
rollers and a hand-operated or an electric winch. 

By that time the builders should have prepared the holes in the 

floor or foundation for the anchor bolts with which the circuit breaker 
is to be secured in place. 

p- Th nn bolt i h . olC L for the Mrr ' 229 breaker are laid out as shown in 
99 ana the bolts to use are ten M20 anchor bolts. 

T be fastening procedure for this circuit breaker is the same as for 
the MIT-10 (refer to Sec. 15). 


91 





Fig. 98. Sectional view of 
the MIT-299 oil circuit 
breaker: 

/— opening springs, 2 — spring 
buffer, 3 —lift rod end fitting; 
/—main shaft of breaker; .5— 
frame; 6 — support Insulator; 7— 
Insulating barrier; ^—oil gauge; 
9—pot cover; to —fixed contact 
blades. //—Insulating lift rod; 
12 —arcing rod; /j—moving load 
current contact; //—clamping 
bolt; /$—arcing rod lock nuts; 
16 — gas vent pipe; /7—thrust 
bolt; 18 —crosshead; //>—ol 1 baf¬ 
fle tube. 20 —porcelain balls or 
pebbles of oil baffle. £/—arcing 
rod packing. 22— bushing; 23 — 
Insulating sleeves; 24— arc con 
trol chamber; 25 —cluster contact; 
26 — current conducting cross bar 
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Fig. 99. Layout drawing for mounting of o Mrr-299 circuit breaker and its IIC-30 

solenoid operating mechanism 



Fig WO General view of the fIC-30 operating mechanism 










A nC-30 solenoid mechanism weighing 475 kg is used to operate 
the MIT-229 oil circuit breaker. 

A general view of this operating mechanism is shown in Fig. 100; 
its installation dimensions are given in Fig. 99. 



Fig. 101 Installation drawing for the MIT-299 circuit breaker and its TIC-30 

operating mechanism: 

/—tie rod end fitting; 2 —pipe tic rod; J—strut 


The nC-30 solenoid operating mechanism is usually mounted on 
short lengths of Nos 16a or 16b steel channels with M20 bolts which 
are also used to secure the channels to the floor. 

The circuit breaker and the operating mechanism (Fig. 101) 

are linked up by a tie rod 2ofl4~inch pipe with end fittings 7 Both 

ends of the tie-rod pipe are threaded so that they can be screwed at 
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least 35 mm into the end fittings. One end of the tie rod is attached 
to the arm on the breaker shaft, the other end, to the arm of the op¬ 
erating mechanism. , , 

In addition, a brace 3 which is a 2-inch pipe, is placed between the 

circuit breaker and operating mechanism. One end of the brace is 
screwed into a flange on the operating mechanism frame, and the 
other end is made to bear against the breaker frame. The end at the 
operating mechanism must be screwed at. least 35 or 40 mm into the 
flange. The brace makes for greater rigidity of the system. 

Internal inspection of the apparatus. After the circuit breaker 
and its operating mechanism have been mounted, a telescopic jack 
(Fig. 102) is placed under the 
lower end of the plunger be¬ 
tween the feet of the operating 
mechanism (much as in the 
case of the MIT-10 breaker); 
the breaker is pushed past the 
closed position by means of 
the jack to release the shackle 
which has kept the breaker in 
the closed position, the shackle 
is then removed and the 
breaker is slowly opened. 

With the breaker open, the 
nuts 15 (see Fig. 98) which 
secure contact (arcing) rods 

12 are unscrewed and the p ig jq 2 jack use j f or manual closing 
clamping bolts 14 are slack- in adjustment 

ened. The arcing rods are 

then lowered until they come abutt with the bottom of the pot. 

To obtain access to the internal parts of the breaker pot, the 
insulating lift rod 11 is disconnected and removed together with the 
crosshead. Next the arcing rods are taken out, the covers 9 removed, 
and the control chambers 24 together with the insulating members 23 
lifted out. 

Using the spanner furnished with the breaker, the four nuts fasten¬ 
ing the cluster contact 25 in the bottom of the pot are slackened, the 
contact is turned clockwise by hand until the slots in its base are in 
line with the nuts, and the contact is removed from the pot. 

All the parts are collected in a suitable place where they can be in¬ 
spected and wiped clean. The metal parts should be wiped with a 
rag soaked with petrol, and the insulating parts, with a dry rag. 

In the case of an interruption in the work, the opened pots must 

be covered with clean rags or paper to shut out any dirt or impuri¬ 
ties. 
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After internal inspection, the circuit breaker is re-assembled. 
First the cluster contact is mounted so that it is placed precisely in 
the centre of the pot bottom. Next the side-blast (arc-control) cham¬ 
bers are installed, to be followed by the pot cover. Before the covers 
are bolted in place, the arcing rods should be checked to see that 



they are free to pass through the bushing and the side-blast barrier 
and that the flexible lead located under the pot cover is fully com¬ 
pressed. 

With the arcing rods lowered through the bushings until they are 
abutt with the bottoms of the pots, the insulating lift rod and cross¬ 
head are mounted, and the lower 
end fitting 3 of the lift rod (see 
Fig. 98) is attached to the circuit 
breaker mechanism. 

The arcing rods are then lifted 
from the pots and secured in the 
crosshead, the latter being in the 
uppermost position so that the rod 
cannot strike the pot bottom. 

Adjustment of the circuit break¬ 
er and operating mechanism for 
joint operation. This is done by ad¬ 
justing the length of the tie rod 2 
(see Fig. 101) by means of its end 
fitting 1. For adjustment purposes 
the circuit breaker is opened and 
closed with the aid of a screw- 
lig. 104. Checking of MIT-299 jack. 

circuit breaker mechanism Concurrently with tie-rod length 

adjustment the length of the in¬ 
sulating lift rod 11 is also adjusted. This is done by screwing the end 
fitting 3 in or out (see Fig. 98) so that in the closed position the 
shafts of the breaker mechanism are brought into a relative arrange¬ 
ment corresponding to a template. In other words, with the tem- 
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plate placed against the shafts, points 1 , 2 and 3 (Fig. 103) should 
coincide with points a, b and c of the breaker mechanism (tig. 1 <>■*). 
The tolerance (“underclosure”) for the middle shaft is 6 mm. 

Next the travel of the crosshead is adjusted so that it is anywhere 

between 440 and 410 mm (420±fS). The oil dashpots of the breaker 


are Tilled with oil two-thirds full 
and adjusted so as to eliminate 
any rebound when the breaker is 
opened. 

Then comes the adjustment of 
the breaker contacts—an extreme¬ 
ly important and responsible 
operation. For this adjustment, 
the circuit breaker is opened, and 
the protective grease is removed 
from its contacts. Then the circuit 
breaker is reclosed by means of 
its operating mechanism (at nor¬ 
mal voltage) and the distances 
from the tops of the blade con¬ 
tacts 10 to the current-conducting 
crossbars 26 (see Fig. 98) are 
checked. They should be 22±1.5 
mm; otherwise the end fitting 5 
on the lift rod should be 
screwed in or out, as the case 
may be. 

When the distances measured 
on the pots of any one pole dif¬ 
fer by more than 3 mm, the re¬ 
spective tank should be lifted or 
lowered by means of washers 
placed under the base of the sup¬ 
port insulators. 

Each pole is then checked to 
see that on a closing stroke all 



Fig. 105. MIT-299 circuit breaker in 
place in a station switchgear room 


the finger contacts touch the 

blade contacts simultaneously. They may be considered to do so if, 
when the breaker is slowly closed by means of a screwjack, the cross¬ 
head moves through not more than 5 mm between the moments 
when the first and last fingers touch their blade contacts. 

The pressure of the finger contacts on the blade contacts is next 
measured with a dynamometer and should bo 14±1 kg. The pressure 
of one finger contact in each pair should be measured. If the pressure 
is insufficient, the contact springs are tightened. 
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After the adjustment, the contact surfaces of the fingers and blades 
as well as all external current-carrying parts are wiped with a clean 
cloth moistened with petrol and are given a thin coat of petroleum 
jelly. The arcing rods are then secured in the crosshead so that, when 
the circuit breaker is closed by its solenoid operating mechanism 
at the normal control voltage, the arcing rods stop within 20 or 25 mm 
of the pot bottom. 

The oil baffle tubes 19 and gas vent pipes 16 may now be mounted 
(see Fig. 98). The former are seated on gaskets of rubberised compo¬ 
sition or asbestos, and the gas vent pipes are then set up. Next the 
thrust bolts 17 are unscrewed from the head of the oil-baffle tubes 
until they come against the beams in the upper part of the cell 
(see Fig. 101) and then their lock nuts are tightened. The thrust 
bolts should be tightened with care so as not to misalign the break¬ 
er pot. 

The interphase barriers are attached to the upper part of the 
breaker frame and to the channels against which the thrust bolts of 
the oil-baffle tubes are forced. 

When breakers are installed not near one another, two-inch gas 
vent piping is run directly outdoors. When circuit breakers are mount¬ 
ed in groups, the gas vents are connected by means of two-inch pipes 
to a common four-inch gas manifold. 

In the former case, the pipe ends must be fitted with either a flap 
valve or by easily-replaceable parchment membranes. The outlets 
of the gas vent pipes must be turned downward. 

Problem. Write up an operation sequence for mounting of an MIT-229 oil 
circuit breaker in a switchgear cell (Fig. 101). 


17. Mounting of Instrument Current Transformers 

Indoor substations widely use Tflfl) porcelain bushing current 
transformers, and TIIOM current transformers (“M” stands for “mod¬ 
ernised”). __ , 

Fig. 106 gives the installation dimensions of TIKP current trans¬ 
formers which weigh from 35 to 45 kg. 

Also, though on a smaller scale, use is made of TflCKP and THIIIQ) 
current’ transformers, the letter “0” standing for “single-turn”, and 

the letter “HI” for “window-type”. 

The dimensions of some of these current transformers are given in 

Figs 107 and 108, and in Tables 10 and 11. 

Checking of current transformers prior to mounting. Current trans¬ 
formers received for mounting must first be checked for the condition 
of their porcelain insulators and current-carrying rods or bars. They 
must meet the same requirements as bushings do (see Sec. 9). The 


98 



secondary terminal blocks are also checked for breakage, lead mark¬ 
ings and the nameplate, while the casing and flanges are examined 

for dents. . ...... 

On the site, the checking of current transformers is usually limit¬ 
ed to visual inspection, as they come already checked for the 



Fig 106. Installation dimensions of a Tn<J> current transformer 

continuity of the secondary, the insulation resistance of the windings, 
polarity of the terminals and the transformation ratio either in a • 
specialised workshop or laboratory, or by special personnel. 

Table 10 


Dimensions and Weight of Several TIIO® Current Transformers 


Type designation 

Dimension A 
(in Fig. 107), mm 

Weight, kg 

TnOO-lO-0.5-600 

630 

50 

Tnoa>y-io-3-60o 

660 

42 

Tfioa>A-iO-A- 60 o 

580 

36 


Note: In the type designations the letter W stands for “increased strength", 
the letter A. for “differential protection” and the numerals "0.5" and "3" 
denote the accuracy class. 


In some cases, however, it may be necessary for the electricians 
to do this checking themselves. Therefore, we shall outline the fun¬ 
damental features and techniques of the respective tests in brief. 

The continuity of the secondary can be checked by means of the 
circuit given in Fig 109a. If there is no break in the winding, the 
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Table II 


Dimensions and Weight of Several TIlllKP Current Transformers 



Dimensions (In Fig. 108), mm 

Weight 

Type designation 

A 

' 

B 

C 

D 

E 

F 

kg 

TIWMMO-O. 5-4000-5000 

71 

101 

606 

428 

462 

240 

90 

Tnuio-10-0.5/0.5-2000-3000 

61 

61 

go*; 

391 

426 

200 

8/ 


pointer of the megohmmeter tester will deflect across the entire scale 
when the handle is cranked- When a break exists in the winding, the 
pointer will remain at zero. 




Fig 7 09 Current transformei test circuits: 

a—for continuity check on secondary; />—lor measuring 
Insulation resistance rolatlve to earth (broken line for 
primary and full line for secondary): i—primary terminals; 
2 —transformer core; s —transformer case; 4 —secondary 
terminals; 5— raccohmmetcr; c—same, between primary 
and secondary; d—for proof voltage testing 


The insulation resistance is measured by use of the schemes given 
in Fig. 10% and c. The insulation resistance of the secondaries, when 
measured by a 1,000-volt megohmmeter, must be no less than 10 
megohms. The insulation resistance of the primaries is not subject 


101 



to standards, but when it is measured by a 1,000-volt megohmmeter 
it should be of the order of 20 to 25 megohms. 

Current transformers are also subjected to a proof voltage test 
during which their secondary windings must withstand a test pres¬ 
sure of 2,000 volts at power frequency for one 
minute. 

Primary insulation should withstand the test volt¬ 
age given in Table 32 for one minute. The test 
circuit is illustrated in Fig. 109d. 

If the insulation fails to meet standard require¬ 
ments, it should be dried out either by passing 
current through the primary while the secondary 
is short circuited, or by passing current through 
the secondary while the primary is short circuited. 

During drying-out the temperature of the insu¬ 
lation should not rise above 65°C, and that of the 
metal parts, over 85°C. The currents in the wind¬ 
ings should be 20 to 25 per cent above their ratings. 
The casings should be removed for free escape of the 
moisture evaporated from the windings. 

The polarity of a current-transformer winding is determined 
by means of the test circuit shown in Fig. 110. Direct current is tak¬ 
en from a 2- to 4-volt source. If the polarity is as shown in Fig. 110, 



Fig. 110. Wind- 
ing polarity 
test circuit: 

i—primary;-?—sec¬ 
ondary; 3 — dry 
cell, /—switch; 5 
and 6— winding 
terminals; r—gal¬ 
vanometer 



Fig. 111. Current transformer ratio test 

circuit: 

i—transformer under test; 2 —laboratory transform¬ 
er; 3—rheostat; /—source of 6-12 volt ac; J — 
tO-a range ammeter 


the instrument pointer should deflect to the right; deflection of the 
pointer to the left indicates that the polarity of the secondary is the 
reverse of that shown in the circuit diagram and that its terminal 
markings must be changed. 

The ratio of a current transformer is checked by means of a load¬ 
ing transformer rated for 1,000 to 2,000 amperes and the circuit 
shown in Fig. 111. 

The true ratio of a transformer is determined by the equation; 
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Fig. 112. Current transformer and bushing mounting: 
a— In wall openings; 6— on embedded channels 


serve the dual purpose of a current transformer and a bushing and are 
hence combined in sets with ordinary wall-type bushings for passage 
of buses through walls and floors. In view of this, the mounting pro¬ 
cedure for them follows that of a bushing (refer to Sec. 9). 


103 











Various arrangements of current transformers and bushings can 
be seen in Fig. 112 and Fig. 113 

When current transformers are mounted in walls or ceilings, a 
clearance of 3 to 4 mm should he left between the transformer cas- 



Fig 113 Mount ine of Til Ill <0 window-type current transformers: 

<i—in ceiling openings, b— on channels 


ing and the support surface for a tar-paper gasket to protect the 

transformer casing from corrosion. 

To protect the porcelain parts of current transformers during the 
installation work, a wooden hoard should he placed on top of them 
as shown in Fig. 112a. 
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When several current transformers are used they should have 
identical ratings which are given on their nameplates, and should 
be used according to the layout diagrams specifying what type ot 
transformer should bo installed in a given compartment. 

The terminals of current transformers should be so arranged that 
the incoming power buses are taken to the terminals marked L x 
and the outgoing buses are connected to the terminals marked L ? . 
Otherwise, the polarity markings of the secondary windings. S'j 
and S 2 , will have to be reversed. 

Problem. Write up an operation sequence for mounting two Tn<I> lO/uno 
current transformers and a [1A-10/G00 bushing on a built-in metal support, as 
shown in Fig. 1136. Assume that the metal support for the current transformer 
has been provided by builders. 


18. Mounting of Voltage Transformers 

Types and weights of instrument voltage transformers used in 
indoor switchgear are summarised in Table 12; their installation 
dimensions are shown in Figs 114, 115, 116 and 117. 


Table 12 

Types and Weights of Voltage Transformer 


Typo designation 

Total weight, kg 

Weight of oil. kg 

HOM-6 

23 

4.7 

HOM-IO 

36 

7.5 

HTMK-6 

47.5 

15 

HTMK-10 

100 

27 

HTMH-6 

105 

32 

HTMH-10 

190 

70 


Note: In the type designations H denotes "voltage transformer”; O stands 
for "single-phase"; M, for oil-immersed; T, for three-phase; K, for "compen¬ 
sating winding”; H, for “test winding", and the numerals, lor the kv ratings. 


Voltage transformer inspection prior to mounting. Voltage trans¬ 
formers are inspected visually for broken porcelain bushings and ce¬ 
mented joints, for mechanical injury to the tank, and for oil leakage 
between the cover and tank and from under the bushing flanges. 
In addition, they are checked for oil level, the condition of the oil 
gauge and the presence of the nameplate. 

The electrical checks of voltage transformers are similar to those 
of current transformers and involve measurements of insulation re- 
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sislance, determination of the polarity of the high-voltage and low- 
vollage windings, and the ratio. 

In addition, since voltage transformers are of the oil-immersed 
type, oil samples are taken for dielectric strength and acidity tests. 

1 he insulation of a voltage transformer is checked with a 1,000-volt 
megohm meter for the insulation resistance of the high-voltage and 
the low-voltage windings relative to the tank and to each other, 
tig- 11b illustrates the test circuits used for these measurements 
t he requirements which the insulation in voltage transformers 
mu>( satisfy are the same as those for current transformers. 



Fig 118 Voltage transformer insulation test cir¬ 
cuits: 

a—for measuring insulation resistance of primary relative to 
earth (tank): 7—primary terminals: 2—secondary terminals; 
3— megohmmeter; 4— secondary; 5—tank; 6—primary; b —for 
measuring Insulation resistance of secondary relative to earth: 
c—for measuring insulation resistance between primary and 

secondary 


The dielectric strenglh of voltage transformer insulation is tested 
using the same circuit employed for power transformers (see Fig. 300). 

The absolute value of the insulation resistance of the high-voltage 
windings is not specified because it sometimes does not give a correct 
idea of the actual condition of the insulation. More accurately the 
condition of the insulation can be assessed on the basis of the so- 
called absorption ratio. This is the ratio of the insulation resistance 
measured when cranking the tester for GO seconds to that measured 
when cranking the tester for 15 seconds. The absorption ratio, k abs , 
should normally range from 1.25 to 1.30 

A lower absorption ratio indicates that moisture is present in the 
transformer windings and the transformer needs drying out. 
That a transformer needs drying may be suggested by comparing 
its insulation resistance with the manufacturer’s data. If the insula¬ 
tion resistance has dropped more than 40 per cent, the transformer 
should be dried out. The same is true when it is discovered that the 
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transformer oil contains moisture, or if it is known that the . »>« at- 
L parts have been out of the oil for a considerable period of time. 
1,1 V oft age transformers can be dried out by means of for -circuit 
currents 5 More frequently, however, they are dried out by the non 
los< method with the transformer left in its tank emptied of all oil, 
sing the circuit illustrated in Fig. 119. Data for drying-out by tin, 
method are listed in Table Id. 




Fig 119 Circuit foi drying oul volume transform¬ 
ers by the iron-losses method: 


/—steel tank; 2 —magnetising winding; 3—thermometer, 
/—220/12-volt transformer for supply of magnetising wind 

ing; 5 —rheostat 


During the drying process, the bottom and top openings of the 
tank should be left open to allow the vapour to escape, and the high 
and low voltage windings should he shorted and earthed. 


Table 13 

Dnla for Drying Oul of Voltage Transformers 
by the Iron-loss Method 




Characteristics of magnetising coll 



Typs 

of 

irons 

former 

supply 

vollagc, 

V 

current, 

a 

turns 

conduc 
tor size, 
n\m a 

length of 
conduc¬ 
tor. m 

Duration 
of drying 
period, 
hr 

Max 

temp In 
tank, 

°C 

HOM-6 

f!2 

30-40 

24 

6 

32 \ 

24 to 36 

100 to 

\ 50 

10-15 

100 

4 

130/ 


105 

HTMK-6 

\\2 

\50 

35-GO 

10-20 

24 

82 

10 

4 

34 1 
135/ 

24 to 3G 

100 to 
105 


Terminal polarity is checked by using the circuit shown in Fig. 120. 
A d-c voltage from 2 to 4 volts is applied to the high-voltage winding 
and an indicating instrument is connected in the low-voltage wind¬ 
ing. When the supply circuit is completed, the pointer should swing 
to the right if the polarity is properly marked. If not, the markings 
on the winding terminals should be interchanged. 
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Potentiometer 
/ HV LV 



Fig 120 Polarity 
checkin? circuit: 

/—dry cell 2 —switch; 
3 — primary; /—sec¬ 
ondary; 5— galvano¬ 
meter 


Fig. 121. Voltage transformer ra¬ 
tio test circuit 



Fig. 122. HTM1I-10 voltage trans¬ 
former set on a L-shuped metal sup¬ 
port of steel angles: 
i—loot angle, 2—support frame 


Three-phase voltage transformers are checked for polarity by con¬ 
necting a source of voltage to the high-voltage terminals in turn: 

first, say, to C and B, and 
the instrument to the low- 
voltage terminals c and b\ then 
to A and B, and to a and b, 
etc. If in all three cases the 
instrument pointer swings to 
the right, the leads are marked 
correctly. Otherwise the mark¬ 
ings should be changed. 

The transformation ratio of 
a voltage transformer is 
checked in the test circuit 
shown in Fig. 121 and is 
calculated from the formula 


Mounting of voltage trans¬ 
formers. The mounting of 
voltage transformers involves 
three fundamental operations: 
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(1) placing of a metal support; 

(2) lifting and setting of the voltage transformer on the support; 

(3) earthing. 

Metal supports for voltage transformers differ widely in construc¬ 
tion. Fig. 122 shows a metal support for an HTM1I-10 voltage trans¬ 
former made from angles and placed directly on the cell floor. 1 ho 
lower angle 1 and the lower ends of the uprights 2 are grouted in. 




Fig. 123. HOM-iO voltage transformers mounted in a station switchgear cell: 
a—three-transformer Installation; 6—four-transformer Installation 


Fig. 123a and b, exemplifies installation of three and four HOM-IO 
voltage transformers on angle metal supports in an indoor switch- 
gear compartment. 

Voltage transformers are usually lifted in position by hand. Dur¬ 
ing mounting, their high-voltage terminals should be shorted and 
earthed, and their low-voltage terminals should be disconnected from 
wires, as any accidental or unintentional contact of these wires with 
a live lighting or power circuit will cause a high voltage to appear 
across the high-voltage terminals. 

Voltage transformers should be set up so that their oil drains and 
oil-level gauges face the aisle. 

Prior to applying the voltage to a transformer, the pressboard 
washer should be removed from under the oil-hole bolt to provide 
communication with the ambient atmosphere. 
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When mounting three-phase voltage transformers, the terminal 
marked A should be connected to the yellow-coloured bus, the termi¬ 
nal B to the green-coloured bus and the terminal C to the red-col¬ 
oured bus. 

The terminal A on single-phase voltage transformers may be con¬ 
nected to any one of the three-phase buses. The terminal marked X 
should be earthed. When three single-phase voltage transformers 
are mounted in a bank, all the X -marked terminals should be made 
common by a bus and earthed. When two voltage transformers are 
mounted and open-delta connected, the operating phase on the low- 
voltage side should be earthed only when it is required by the de¬ 
sign. 

Each voltage transformer tank must be connected to the earthing 
bus by an individual busbar. 

Problem. Write up the mounting of an HMTII-10 voltage transformer in a 
switchgear cell according to Fig. 122. Include in the description a sketch of the 
metal support. 

19. Mounting of High-voltage Fuses 

Indoor substations use I1K fuses (the letter n standing for “fuse”, 
and the letter K, “quartz-sand filled”) for power circuit protection, 
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Fig. 124. IIK and flKT fuses: 


I—case; 2 —clip laws; a—Insulator; /—base 

and riKT fuses (T meaning “transformer”) for voltage transformer 
protection (Fig. 124). 
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The principal installation dimensions and weight of I1K and I1KT 
fuses are listed in Table 14. 

Table 14 


Dimensions and Weight of DK and flKT Fuses 


Type of fuse 


Dimensions (Fig. 

124), mm 


Weight with 
case, 
without 
base, kg 

A 

II 

c 

D 

E 

P 

G 

nK-6/150 

365 

505 

550 

170 

285 

80 

14 

13 

nK-10 50 

465 

600 

650 

195 

310 

80 

14 

8.70 

IIK-35/20 

625 

825 

865 

395 

470 

150 

18 

20.2 

nKT-10 

215 

400 

450 

175 

250 

80 

14 

4.5 


Initial inspection of fuses. The porcelain parts of high-voltage 

fuses must satisfy the same requirements as high-voltage support 
insulators. 

The clip jaws must be resilient and clamp the fuse case all the 
way round the circumference. The fuse case should be hermetically 
sealed. I he quartz-sand filling must be sufficiently compact; when 
the case is shaken, no sound of the sand moving in it should be 



Fig - I25 - Fuse ll ‘nk continuity checking 


5-047 
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armature will deflect a little and swing back. Fuse links must 
also be checked for continuity with a megohmmeter (Fig. 125). 

Mounting of fuses. The mounting of fuses begins with marking 
out their positions. This is illustrated in Fig. 120a. 

Fuses maybe mounted by directly fixing their bases on a brickwork 
or concrete wall with anchor studs (Fig. 126/;), on a special metal 



support (Fig. 127), or on the metal 
framework of the switchgear cell. 

The surface of the support should 
be levelled so that the upper and low¬ 
er fuse clips and the blade contacts 
are on a common vertical line. Fail¬ 
ure to observe this will impair con¬ 
tact between the fuse and clips and 
may lead to contact pitting. 

Fuses, as a rule, are mounted 
in a plumb position. 11K fuses should 
be mounted so that their blown- 
fuse indicators point downward. 



Fig. 126. Phase-to-phase spacing of IIK fuses: 
a—layout lines; 6—mounted fuses 


The surface of fuse supports is checked for verticality by means 
of a plumb-bob. 

Problem. Write up an operation sequence for mounting a bank of three 
high-voltage I1K-6/100 fuses on a concrete surface. 
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20 Mounting of Cast-in-concrete Reactors 

Indoor substations use air-core reactors in which the coils are 
cast- 111 -concrete columns or separators. The principal dimensions 
of cast-in-concrete reactors can be seen in Fig. 128 and Table 15. 

Inspection of cast-in-concrete reactors prior to installation. 
1'irst the concrete columns are examined for possible cracks and 

chipped spots, the reactor windings 
for deformed turns, the insulation for 
damage. Furthermore, there should be 
no foreign objects between the turns, 
and the protective varnish coating of 
the concrete columns should not be dam¬ 
aged. Also, it is important to make sure 
that the bolts are reliably embedded in 
the concrete. 

Damaged reactor columns may be 
repaired in workshops or, if necessary, 
directly on the installation site. For this 
purpose shuttering made from smooth- 
planed boards lightly coated with 
petroleum jelly or grease on the inside is 
put on the damaged column to be repaired. 

The concrete used for the repair con¬ 
sists of one part of Grade 400 to GOO ce¬ 
ment, one part of washed and dried 
quartz sand, one part of washed gravel 
(mainly consisting of granite) having a 
grain size of up to 5 mm, and 40 to GO 
per cent of water by cement weight. 

This concrete has a setting time of 48 hours, after which the 
shuttering may be removed. Full design strength is reached 25 to 
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Fig. 128. Installation dimen¬ 
sions of a cast-in-concrete 
reactor 


Table 15 

Principal Dimensions and Weight 
of Several Cast-in-eoncrcte Reactors 



Dimensions according 

Number 

Type 

Weight 

Reactor 

to FI". 1 28. mm 

of 

of 

per 

type designation 




Insu¬ 

insu¬ 

phase, 

A 

b 

b 

lators 

lator 

kg 

PE-6-200-5 

995 

990 i 

695 

10 

OA-6 

610 

PE-6-500-10 

1,265 

1,180 

885 

14 

OA-6 

1,173 

PE-6-1500-10 

1.220 

1,260 

895 

12 

OB-6 

1.553 

PD-10-200-8 

1,155 

1,175 

845 

12 

OA-10 

834 

PE-10-1500-8 

1.295 

1,410 

1.045 

12 

Ofl-10 

1,808 
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30 days after the concrete has been placed, after which time the 
reactor must always be dried out and baked (see Table 1G). 

Table 16 


Air Temperature and Duration of Heating 
in Oven for Each Drying Operation 


Se¬ 

quence 

Nos. 

Operation 

Air temp, in 
drying oven, 

°C 

Duration 
of opera¬ 
tion, 1 1 r 

i 

Gradual warm-up of reactor. 

90 to 100 

4 to 6 

2 

Heating of reactor (drying-out). 

100 to 110 

12 to 24 

3 

Measure in cut of reactor insulation resistance 
to determine end of dry-out. 

100 to 110 

G to 8 

4 

Gradual cooling of reactor. 

Up to Go 

3 to 7 

5 

Application of linseed drying oil or var¬ 
nish coating to the concrete. 

G5 

0.5 to 1 

6 

Re-heating of reactor. 

100 to 110 

2 to 3 

«» 

i 

First baking of varnish coating. 

110 

6 to 8 

8 

Operations (4), (5) and (6). 

G5-95-110 

7 to 10 

9 

Second baking of varnish coating .... 

110 

G to 8 

10 

Gradual cooliug of reactor. 

Down to 5-10° 

G to 8 


above ambient 
temp. 



Deformed turns should be carefully straightened and their dam¬ 
aged insulation restored with a tape serving impregnated with an 
insulating varnish. 

The reactor post insulators should meet the usual requirements 
for post insulators (refer to Sec. 8). 

The insulation resistance of the reactor is measured between the 
winding and earth with a 1,000-volt tester (Fig. 129n) and for the 
10-kv class of reactors should normally be not less than 10 to 15 
megohms. 

At the same time, the insulation resistance is measured between 
the winding and the concrete (Fig. 129 6). The requirement in 
this case is one megohm per kilovolt of rating. 

Using the circuit illustrated in Fig. 129 c, the insulation resist¬ 
ance between the phase coils is measured. Normally, it should bo 
comparable with that measured between the winding and earth. 

The reactor insulation is also subjected to a proof voltage test 

For 6-kv reactors the test voltage is 32 kv, and, for 10-kv reactors' 

42 kv at commercial frequency (50 cps) in both cases, and applied’ 
for one minute. 1 


Reactors which fail to meet the above requirements should be 
? U V ° r d K r , ying ’ the r ? actor is P laced in 8,1 oven through 
chamber 0 18 bl0Wn * ° r ’ which is a be «« method, in a vacuum 
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If reactors are found to be moist, coats of linseed drying oil or 

varnish should be applied and baked at the end of the drying-out 

process. 

I able 16 gives the air temperature to be maintained in a drying 
chamber and the duration of each operation involved in the drying- 
out process using an air blower. 




Fig. 129. Reactor insulation resistance testing circuit arrangements: 

a— for insulation resistance of coll relative to earth; 6—insulation resistance between coil and 

concrete; c—between coils of each phase 


The drying chamber is built of fireproof material and lagged on 
the inside with a layer of thermal insulation (asbestos, glass-wool 
matting) 10 to 15 mm thick. The top and bottom of the chamber 
should have ventilating openings equipped with slide valves for 
temperature control. A sectional view of a drying chamber, air 
blower and air heater is given in Fig. 130 in diagrammatic form. 

When the insulation resistance of a reactor is only slightly below 
the standard requirement, drying-out may sometimes be dispensed 
with on the assumption that the insulation level will rise to normal 
during operation due to the heat generated by the load current. 
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Mounting of reactors. The three phases of a reactor bank may 
be arranged either vertically (Fig. 131), or horizontally. The vertical 
arrangement is used more frequently. 

The reactors are moved to the switchgear cell on a truck or on 
rollers. The latter method is practised quite widely, but a heavy 
rope must be wound over the concrete parts to avoid any damage 
to them. 
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Foundation slabs for cast-in-concrete reactors (Fig. 132 a and b) 
are usually provided by builders to approved drawings. 

The top-phase reactor is lifted with a worm-gear hoist (see Fig. 11) 
and a channel placed across the cell at the top. Recently wider use 
has been made of an electric hoist instead of a hand-operated worm- 
gear hoist. The post insulators are attached to the bottom of the 
upper-phase reactor; the middle-phase reactor is next moved into 
the cell, the upper reactor is lowered on it, and both reactors are 
joined together. After this, the entire assembly is lifted up and 
post insulators are attached to the bottom of the middle-phase 
reactor. 


Next the lower-phase reactor is moved into the cell, and the upper- 
and middle-phase reactor assembly is seated on it and joined to 
form one unit. The three phases may now be lifted by a worm-gear hoist 
or an electric hoist and post insulators may be attached to the bot¬ 
tom of the lower-phase reactor, after which the entire assembly 
may be lowered into place and secured on the foundation. 
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I ho reactors joined together should be checked with a batten and 
level for horizontally and with a plumb-bob for verticality. When 
necessary steel shims may be inserted under the bases of 'the post 
insulators. 

When the upper-phase reactor is placed on the middle-phase 
reactor, and the middle-phase reactor on the lower-phase reactor, 
cardboard pads 2 to 3 min thick are placed on the caps and under 





Fig. 131 . Vertical arrangement 
of cast-in-concrele reactors 


Fig. 132. Foundation slab for a reactor: 

a —shuttering (form) set up for pouring; b—ready 

foundation slab 


the bases of insulators. These pads serve to moderate the shocks 
when short-circuit currents flow through the reactor. 

After a reactor has been mounted the flanges of the lower post 
insulators are connected to a 40x4 mm earthing busbar so that it 
does not form a closed turn and a break is left between the flanges of 
any two insulators. A closed turn would result in eddy currents and 
accompanying heating. 
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The earthing circuit of the post insulators is then connected to 
the earthing bus. 

Of late there has been a tendency to lay reactor foundations in 
the process of erection rather than beforehand. 

By this method, after the three phases of a reactor bank have 
been joined together and lifted, the assembly is lowered on a masonry 
ring one half-brick thick so that the masonry ring runs through the cen¬ 
tres of the insulator bases on the lower-phase reactor and the fixing 
bolts overhang on both sides (oval-base insulators are used). Then 
cement mortar is poured around the reactor base within the shut¬ 
tering bounding the slab area until level with the lower edge of 
the insulator bases. 

This method greatly simplifies bolt-hole layout and cuts down 
time requirements. 

Problem. Write up an operation sequence for mounting a cast-in-concrete re¬ 
actor in an indoor switchgear cell of the 6-10-kv class. 


21. Mounting of Valve-type Lightning Arresters 

Lightning arresters are safety devices designed to protect electri¬ 
cal equipment from overvoltages due to atmospheric disturbances. 
Indoor switchgear uses valve-type sus¬ 
pension arresters. The installation di¬ 
mensions of this type of arrester are 
given in Fig. 133. A PBI1-6 arrester 
weighs 8 kg, and a PBri-10 arrester, 

16.5 kg. 

\ isual inspection. Before erection, 
lightning arresters must be inspected 
for broken porcelain and fittings, and 
also for missing parts. They should bo 
lightly shaken to make sure that no rat¬ 
tling can be heard from within; other¬ 
wise, it is a sign that the internal parts 
are loose. In such a case, the defective 
arrester should be sent to a laboratory 
or a workshop for reassembly. 

Mounting of lightning arresters. Two 
basic methods are used for mounting the 
lightning arresters. The first way is to 
suspend them by the hanger eye and 
secure with a clip made from 30x3 mm 
steel strip to prevent the arrester from 
swinging. More frequently arresters are affixed directly to a metal 
support by means of a band made from 60 X 6 mm steel strip (Fig. 134). 
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Fig. 133. Installation dimen¬ 
sions of the PBn lightning 
arrester 
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Fig. 134. PBn-10 lightning arresters attached to metal supports in a cell: 

lightning arrester; 2—Isolator; 3—operating mechanism; /—post Insulator; 3—tic rod; 6 ami 7—clevises; 3—busbars metal 

support; id—safety stirrup 







After mounting, each lightning arrester is connected to the earth¬ 
ing bus by a 40x4 mm steel strip. The distance between the earth¬ 
ing bus and the lightning arrester should be as short as practical, 
so as to keep the resistance of the earth connection to a minimum. 

The top contact bolt of the arrester is connected to the respective 
bus. When connecting a lightning arrester either to a power bus 
or an earthing bus, great care must be taken that no mechanical 
stress will be experienced by the relatively weak contacts of the 
arrester, or they may become loose, the arrester may become air- 
leaky and break down. 

Problem. Write up an operation sequence for mounting a PBIl-lO valve-type 
lightning arrester on a metal support as shown in Fig. 134. 


22. Installation of Busbars 


Substations for 6-10-kv service mainly employ aluminium bus¬ 
bars of rectangular cross section; to a much lesser extent use is 
made of copper and steel busbars. Data on the dimensions and weight 
of some busbars are given in Table 17. 


Table 17 


Dimensions and Weight of Aluminium and Copper Busbars 

of Rectangular Cross Section 


Busbar material 


Hard-drawn aluminium 


Hard-drawn copper 


Dimensions, 

mm 

Weight, 

kg/in 

20x3 

0.126 

25x3 

0.202 

30x5 

0.405 

40x4 

0.432 

50x5 

0.675 

00x6 

0.975 

80x8 

1.728 

80x10 

2.160 

100x10 

2.70 

20x3 

0.54 

25x3 

0.666 

30x5 

1.34 

40x4 

1.42 

50x5 

2.22 

60x6 

3.14 

80x8 

5.68 

80x10 

7.11 

100x10 

8.89 


bJb^ar^H! 11 ’ < cutting, bending, and joining of 

busbars are described in the sequence chart given below (Table 18). 
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shape so that they coincide with tho 
axis of the busbar. Tlie length of each 
template is then measured and the bus¬ 
bars are cut to these measured lengths. 

Some of the tools, fixtures and mechanisms used in busbar installation are shown in Figs 135 to 139. 
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Dimension / is the distance between 
supports of busbar 


V 



entrejine of insulator 




Operation Requisite tools, fixtures and 

mechanisms Proccduro 



Note: a —busbar width, i —busbar 

thickness 
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8 = 25 . 20 ' 

The letters A, S and C stand for aluminium, steel and copper, respectively. 
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(4) final cleaning immediately before 
joining with a steel-wire brush under a 
coating of petroleum jelly to be left on 
contact surfaces. 
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Fig. 135. Screw-type busbar benders: . , , , 

a—un-flat bender; 6-oa-cdgc bender Fig. 130. Holler-type on-llal busbar bender 
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Jointing of bars by electrical welding and diffusion bonding Of 
late an a-c welding process has been used for bar joining (tig. I iU a) 
in the Soviet Union. This work is done by qualified welders. 

Another method is dif¬ 
fusion bonding. It is 


based upon the bonding 
of metals under high 
pressures, whereby 

strong joints are made. 
Diffusion bonding is 
used to make lap joints 
(Fig. 1406). The over¬ 
lap should be at least 
equal to busbar width, 
or greater if the num¬ 
ber of indentations to be 
made is large. The 
number of indentations 
is determined by calcu¬ 
lation and is specified 
together with the over¬ 



all dimensions of the 


joints. 

Before making a 
joint, the surfaces of 
the bars must be thor¬ 
oughly cleaned with a 
steel-wire brush and then 
given a thin coating of 
pure petroleum jelly to 
prevent oxidation. The 
buses are then placed 
between the dies of a 
HITI hydraulic press 
(see Fig. 4) where the 
bar metal is diffusion- 





Fig. 140. Busbar jointing: 

a—by a-c welding; b —by pressure welding (Inden¬ 
tation for diffusion bonding) 


bonded from both sides. 


The jigs and dies to be used are chosen in sizes to suit the specified 
requirements. 

The end of a bonding cycle is indicated by the considerable in¬ 
crease in the force that must be applied to the hydraulic-press op¬ 
erating lever. The check on the thickness of the metal under the dies 
is provided by an indentation depth indicator. Reference data for 
diffusion bonding are given in Table 19. 
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Aggregate Thickness of Bar Metal Under Dies 
at End of Indentation Period 


Table 19 


Main bar size 


Metal thickness 

for tap-off bar width, mm 

-—-- 


100 

80 

60 

50 

40 

100x10 

80 x S 
60x6 
50x5 
40x4 

2 

1.8 

1.6 

1.7 

1.5 

1.4 

1.5 

1.3 

1.2 

1.0 

1.5 

1.3 

1.2 

1.0 

1.0 


hole: I he above data are valid for aluminium bars 



Installation of buses. From the general view of a main busbar 
section in the substation shown in Fig. 141 it can he seen 
that the buses may be installed on flat and on edge and 

held in place by clamps. 
In some cases branch or 
tee-off buses may be secured 
directly to the caps of the 
support insulators (Fig. 

• 142a). 

In any case, however, 
buses must be free to ex¬ 
pand due to the heat gen¬ 
erated by their load and 
short-circuit currents. Oth¬ 
erwise, the internal stresses 
set up in them may grow 
to a point where they will 
cause warpage to the bus¬ 
bars or, if a heavy short- 
circuit current flows, even 
destroy the entire busbar 
structure. 

Because of this, busbar 
clamps have a clearance of 
1.5 to 2 mm (Fig. 142 b, c) 
so that the busbars cannot 
he clamped dead-fast. For 
the same reason single-bar 
busesinstalled on the insula¬ 
tor caps have tfval mounting 
holes and the bolts have 

Fig. HI. General view of main busbar sec- spring washers placed under 
tiun in an indoor substation their heads (Fig. 142a). 
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Bus structures more than 15 metres long must be provided with 
expansion compensators (Fig. 143 a and b) permanently fastened 

at some points as shown in Fig. 144. • 

In indoor substations buses are installed in the following 

sequence: 

First busbar clamps are attached to the caps of the support insu¬ 
lators and the busbars are placed on them. Then the busbars are 
trued with respect to the longitudinal axis with a wire and levelled 
with a batten and spirit level. After this, the tee-off busbars, shaped 



Fig. 142. Methods of securing busbars on support insulators: 

a—directly on Insulator cap; b— on-flat in busbar clamp; c—on-edge In busbar clamp: /— 
spring washer; 2 —steel washer; a—busbar; 4 —upper plate; J-Mower plate; cardboard 

pad; 7—steel stud; $—brass stud 


to templates, are trimmed and placed. Finally, the busbars are 
joined up and expansion compensators are installed. 

Following the above operations, the buses are connected to the 
associated switchgear. 

Mounting of busbar clamps. One of the studs locking a 'clamp 
is made of a nonmagnetic material (brass) to reduce heating and the 
accompanying loss of power, as the magnetic circuit is disrupted 
and no eddy currents can be induced in the clamp parts. 

Buses installed in a common horizontal plane are frequently 
mounted in their clamps on edge. In such cases, the clamps should 
be turned so that the dynamic forces developed by the flow of 
short-circuit currents will tend to tighten rather than loosen their 
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Fig. 143. Bus expansion compensator mounting: 
a— buses ready for jointing compensator; b— compensators Joined by welding 



Fig. 144 Arrangement of expansion compensators and points of rigid fastening: 
i—busbar, £—compensator; J—point of rigid fastening; support insulator 
















Connection of busbars to switchgear contacts. This opera I ion 
poses difficulties in that it may be performed in many ways and 
that aluminium busbars have to be joined to copper switchgear 
parts. 

Wherever possible, buses should he connected directly to the 
associated equipment. Four contact bolts on a terminal will suffice 
to obtain a reliable electrical contact (Fig. 145/z). 

With fewer bolts as, for example, on PB-10,600 isolators which 
have but one bolt per phase, it is good practice to pressure-weld 
a copper strap onto the aluminium busbar at the joint (Fig. 145b). 



Fig. 145 . Bus connections to isolator contacts: 

a —direct connection to PBK Isolator bar terminal; b —connection made to PB Isolator 
Uirougb a copper strap pressure welded to aluminium busbar 


As operating experience has shown, fair results may be obtained 
by using composite butt-welded copper-aluminium straps. The 
aluminium end of the strap is welded to a busbar and the copper 
end is connected to the apparatus. 

Sometimes buses are welded directly to the contacts of the appa¬ 
It is obvious that the smaller the number of joints, the higher 
the quality of the installation and switchgear reliability. Forlhis 
reason several Soviet electrical construction organisations prefer 

to remove the bars out of bushings and pass the tee-off bars directly 
through them (Fig. 146). y 

1 f 7 throu g. h , 152 show typical sections and assemblies of 
bus structures in indoor substations. 
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Fig. 147. Intricate bus assembly with welded joints 


nr v 
















fig. 148 Mull ibar buses passed llirouirli fig. 140. Buses connected loan isolator with 

III! Lli-11-10 bushings llie bars benl on a radius 
















Fi *‘ 150 ■ Buses connected to isolator with welded joints to avoid 

ben ds 



Fig 151. Example of bus connections of two TII‘D current trans¬ 
formers and a flA bushing 












Painting of buses. Painting is the last operation in busbar instal¬ 
lation. Busbars are painted in different colours for phase identifi¬ 
cation (colour coding), anticorrosion protection, and better beat 
radiation. 



Fig. 152. View of buses at a cable terminating point 

Special enamels are used for the purpose. Single-bar buses are 
painted on all sides. Multibar buses are only painted on the out¬ 
side and edges. 

Bolted joints and places on the buses whore temporary safety 
earthing sets are attached are left unpainted. The latter are con¬ 
toured with a black paint. 

Bus clamps are painted together with their buses. 

The standard colour code for buses is as follows: 

Yellow for 1st phase {A) 

Green for 2nd phase ( B) 

Bed for 3rd phase (C) 

Black with white stripes for unearthed neutral 
Black with violet stripes for earthed neutral 
Claret or red for positive d-c pole 
Blue for negative d-c pole. 

Irrespective of location, the middle phase (/?) should be painted 
green. Of the outer phases the left-hand may be painted red and 
the right-hand yellow, or vice versa, provided the bus colour code 
is consistent with that adopted for the whole system. 
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The arrangement of the phases in a substation in a definite se¬ 
quence is called phasing in. It should conform with that of the 
transformers, generators, and incoming lines. 

Provision of temperature indicators on bus joints. In indoor 
substations a check on the temperature of bolted bus joints is pro¬ 
vided by pasted-on temperature-sensitive films. These films change 
colour as the joint temperature rises. As an alternative, circular 
pieces of film can be pasted on the bolt heads. 

The surfaces to be covered with a temperature-sensitive film 
should he thoroughly cleaned and wiped with a cloth moistened 
with petrol, and then given a coat of benzyl-cellulose varnish, the 
film is then applied and finished with the same varnish. 

Problem. 1. Write up an operation sequence for bolting aluminium busbars 
\ 00x 10 mm in size. 

2. Write up an operation sequence for bus installation. 

23. Installation of KPY and KCO Factory-assembled 

and Prefabricated Switchgear 

Installation of KPY (truck-type) metal-clad switchgear. The advan¬ 
tages of metal-clad, factory-assembled switchgear are extensive fac¬ 
tory construction, reduced installation lime, and improved quality 
of installation work. 

The only thing left for the electricians to do is to set up KPY 
units on the site and connect them into the specified circuits. 

A KPY unit can be seen in Fig. 153. 

Prior to installation each KPY unit should be thoroughly inspected 
for any damage to the metal enclosures, doors, paintwork, etc., 
and for missing parts against the accompanying packing lists. Next 
the parts (instruments, relays and buses) shipped separately packed 
should be examined to make sure that they have not been damaged 
in transit. . 

For installation, each KPY unit is lifted by a crane and moved 
through a special opening in the switchgear-room wall or through a 
window opening. 

KPY units should be transported only in a vertical position. 
Within the switchgear room, they should be moved into position on 
rollers. 

When the necessary hoisting facilities are not on hand at the 
moment, or, the more so when few men are available, the switch 
truck may be rolled out to reduce the weight of the unit. 

All plastering, concreting, and whitewashing in the switchgear 
room must be completed before the KPY units are moved in. On the 
other hand, the finish floor covering may be laid after switchgear 
installation. 
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Fig, 153 • KPy metal-clad switchgear unit: 

Internal view; 6—truck and circuit breaker; c—stationary housing without the truck 








































































































































































T,le metal supports embedded in the floor or ceiling by the build¬ 
ers should be checked for compliance with the drawings. 

Hie embedded supports made from Size 12 channels must above 
all be precisely horizontal and parallel to one another. The deviation 
should not exceed 5 mm over the entire length of the support. 

The supporting structure is checked by means of a batten placed 
on both channels and a spirit level put on top of it. The load-bearing 
surfaces of the channels should be about 5 mm above concrete slab 
level and 5 mm below finished floor level. 

All deviations in the position of the embedded channels must be 
remedied by the builders, who may weld steel pads to the load- 
bearing surfaces to make them level. 

The embedded channels must be butt-welded and connected to the 
earthing bus at not less than two places by means of 40x4 mm 
steel strip. 

INpw the KPy units may be set up on their sites. The switch 
trucks may be rolled out to reduce the total weight to be handled. 

First the outer unit on either of the ends should be installed, taking 
care to check it with a plumb-bob for verticality and with a level for 
horizontality. The unit must stand firmly on its base. If it is shaky, 
steel pads npt thicker than 5 mm may be used to level it off. 

The switch truck of the unit should roll out smoothly and stand 
firmly; the fixed and movable isolating contacts should be precisely 
in line. 

The second unit is then joined to the first one, the third to the 
second, etc., until all the units in a given switchgear are set up. 
The units are joined together by M12 bolts. The relative position of 
the units is checked by means of the red-painted locating holes in 
the sides. The locating holes of two adjoining units must 
coincide. 

The units are joined up, beginning with an end unit and the one 
next to it, tightening first the lower and then the upper bolts. When 
it is necessary to shift a unit slightly in the course of installation, 
force should only be applied to the underframes because the side 
walls may otherwise be easily damaged beyond repair. 

The entire switchgear is then brought.into alignment along the 
front. The units are considered properly aligned if the upper edges 
of all the doors fall in one line and their fronts are in the same plane, 
a condition which can be easily checked by a wire strung from end 
to end. 

The underframes of the units are welded to the support channels 
at four points and the channels are connected to the earthing bus 
with 40x4 mm steel strip at not less than two points. 

Next the primary circuit buses are installed. First, the temporary 
fastenings provided for transportation are removed from the tee-off 
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Fig. 154. KCO prefabricated switchgear 

units: 

with .Sum . a rK'P , F lrc,m breaker; 6-unit 
with a BHn-16 load-break!ng Isolator; c —unit with 

a voltage transformer (HTMH-10) 
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buses; the main buses are put in place according to their colour 

coding (yellow, green red) and so that the numerals on their ends 

are the same as those of the switchgear units between which they are 
to be installed. J 

Bus sections and lee-offs are bolted together in the manner dis- 
cussed earlier in this book. 


The secondary-circuit buses are unpacked, laid in the ducts and 
on the cleats provided for them and connected to the terminals accord¬ 
ing to their numerals. The connections should be checked against 
the diagram attached to each switchgear unit. 

I hen the indicating-metering instruments and protective devices 
are mounted if they have been removed for safety in transit. This will 
be discussed in Chapter 6, “Installation of Control Circuits”. 

The equipment in KPY units is earthed through the supporting 
metal framework. Because of this, the metal under the holts must he 
cleaned bright and the bolts fully tightened. This is done after the 
switchgear units are put in and secured in place. The bus ducts 
should also be checked to see that they have been snugly fastened to 
the framework. 


Before KPY switchgear may be put into service all the equipment 
installed in it (circuit breakers, instrument transformers, wiring, 
etc.) must be tested as outlined earlier. 


Mounting of KCO prefabricated stationary-type switchgear. KCO 
units (Fig. 154) are of a prefabricated type used for assembly of sub¬ 
stations and are installed in much the same way as KPY units. The 
principal difference is that KCO units have no withdrawable trucks. 


Problem. Write up an operation sequence for mounting a 10-kv KPV metal- 
clad unit substation. 



CHAPTER 4 

INSTALLATION OF OUTDOOR PRIMARY CIRCUIT 

SWITCHGEAR 

24. General 

Outdoor substations are intended for high-capacity high-voltage 
service, generally ranging from 35 to 500 kv. Outdoor switchgear 
equipment is more complicated in design, bigger and heavier than 
its counterparts in indoor substations. 

This is why a good deal of handling and hoisting is involved at 
all stages of outdoor substation installation, and the erection site 
should be equipped with suitable cranes, winches, hoists, drives, 
etc. (see Sec. 2). 

Another distinctive feature of outdoor substations is provision of 
ample oil-handling and servicing equipment. For, where indoor 
switchgear uses kilograms of oil, outdoor switchgear requires tons 
of it. 

Outdoor switchgear structures, which include a variety of supports 
and foundations, are put up by building contractors under the super¬ 
vision of the electricians. 

The primary circuits of any outdoor substation are installed in a 
sequence which essentially consists of the operations listed below: 

(1) marking-out of positions for and construction of supporting 
structures and foundations; 

(2) mounting of support insulators and bushings; 

(3) installation of isolators, circuit breakers, instrument trans¬ 
formers, etc.; 

(4) installation and connection of buses; 

(5) installation and connection of the earthing system. 

It is obvious that the actual sequence of installation work may 
be affected by whether or not the supporting structures are built in 
time whether or not the equipment is available, etc. In some cases 
it will be a good plan to do some of the jobs concurrently. For example. 
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it is quite possible to combine the installation of the switching 
equipment and buses or the earthing system. 

The actual sequence should therefore take into account the condi¬ 
tions obtaining on the site, giving preference to methods promising 
economy in time and effort. 

25. Marking-out of Positions for Supporting Structures 

and Foundations 

The marking-out of positions for outdoor switchgear must be done 
by the builders to the layout plans. 

The main axes of symmetry of the switchgear site are determined 
by means of a theodolite, and the elevations of the supporting struc¬ 
tures and foundations above the finish grade of the substation site 
are found with the aid of a surveyor’s level. 

The main axes of symmetry thus determined are then marked out 
by stringing steel wires 1.5 to 2 mm in diameter at some height 
convenient for dropping the centre lines for the equipment. 

A foreman or a skilled crew leader should be assigned the job of 
supervising the work of the builders and checking the actual dimen¬ 
sions and spacings against the drawings. This man should also see to 
it that the supporting structures and foundations are up to standard 
in quality and that their dimensions are in keeping with the speci¬ 
fications for the mounting of the equipment. 

Examples of supporting structures and foundations for the various 
switching equipment are discussed below. 

26. Mounting of Support Insulators and Entrance Bushings 

Support insulators. As in indoor units, support insulators in out¬ 
door substations carry live parts and insulate them from earth and 
from other pieces of equipment which are at some other potential. 

Some of the support insulators used in outdoor substations are 
shown in Fig. 155 a and b, and in Table 20. 


Table 20 

Weigh! of Several Types of Outdoor Support Insulators 

Type 

Weight of insulator, kg 

IllH-ti 

2.8 

II1H-10 

4.1 

II IT-35 

35 

IIlIIjl-35 

41.2 


A ’ole: The letters in the type designation of support insulators stand 
as follows: IUT for "pin-type”; H, "outdoor”, H, “insulator"; 0, "support . 
The numerals tollowing the letters denote the kv rating. 



(a) (b) 

Fig. 155. Outdoor support insulators: 


a—HUIfl-35; 6—UIH-10 

For working voltages of 110, 220, 400 and 500 kv, MIII^-35 insula¬ 
tors are assembled in a stack consisting of three, four, five or more 
insulators, depending upon the working voltage. In such cases the 
insulator stack is designated according to the number of insulators 
or units it contains. For example, an insulator stack for 110 kv is 
denoted “3H 111,0,-35”. 

Before mounting, support insulators are inspected visually much 
as indoor insulators are. 

The mounting of support insulators on a metal busbar bridge 
(Fig. 15(5) provides a typical example. The insulators are secured 
in place with M16 bolts. The bottom of the insulator flange and the 
seating surface on the metal framework should be thoroughly cleaned 
and given a coat of petroleum jelly or grease for protection 
against corrosion and reliable contact between them. The frame is 
then connected to the earthing system. 

Entrance bushings. These bushings carry the current-carrying 
parts of an outdoor substation through the walls of an indoor 
switchgear structure. 
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Fig . 157 . Outdoor entrance bushings: 
a—type IIHB; b —type I1HB 


•••• 







Table 21 


Principal Dimensions and Weight of Several Entrance Bushings 


Type 

Dimensions (Fig. 157), 

mm 

Weight, kg 

A 

A i 

A* 

H 

11HB-6/400 

530 

• 

* 

47 

191 

175 

9.0 

nHB-6,600 

550 

57 

191 

175 

9.8 

nHB-6 1000 

580 

70 

215 

175 

13.0 

11HB-10 400 

605 

47 

300 

175 

9.4 

riHE-10 COO 

625 

57 

240 

175 

10.0 

nHB-35.1000 

1025 

70 

250 

175 

38.9 

riHB-10 1000 

710 

70 

300 

240 

20.6 

11HB-10/1500 

710 

70 

300 

240 

24.0 


For a working voltage of 110 kv, porcelain-shell, oil-filled bushings 
are used. A general view and the dimensions of one of them are given 
in Fig. 158. This is an MH-110 bushing weighing 470 kg. 



Fig. 158. MH-110 oil-filled bushing 


The tolerances for bushings intended for service at up to 35 kv 
are as follows: 

1. Overall length shall be within ±5 mm of the manufacturer’s 
data, with the height from flange to head within ± 3 mm. In the 
case of greater deviations, the bushings should be grouped into, and 
used as, sets of like deviation. 

2. The offset of the current-carrying rod relative to the bushing 
axis shall be not more than ±1- In the case of greater deviations, 
the position of the rod should be corrected by placing of centring 
washers or by repositioning the caps on the bushings. 
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If the bakehsed sleeve on the central rod shows traces of moisture 
bakoM,p5T h C °f in | iS dama 8 ed » the rod must be removed and ill 

HO lv n-fni d i n f d l Ut and im P re S na ted with insulating varnish 
HO-kx ml-fi led bushings should be checked for any leakage 0 f 

oil. For tins, the bushing to be checked is placed in a vertical W 
iTsTo +20 e ' S C O \Ve U T« rt h raCk YT WUh 3 t em perature of 

ttaces of tn leakage ” ‘ he buShing iS inSpected for 



Layout of holes 
2 holes 9 Id 



Fig. 159. Example of outdoor bush¬ 
ing mounted for lead-in to indoor 
part of a substation 


If leakage is detected, the bolted joints should be tightened, taking 
care to tighten each bolt by not more than one-sixth of a turn at 
a time. 

In addition, oil-filled bushings should be tested for air tightness at 
a pressure of 1.5 atm. 

Bushings in the 35-kv class are mounted as explained earlier in 
Sec. 9. 

A typical example of a bushing mounted in an outdoor substation 
may be seen in Fig. 159. 

MH-110 oil-filled bushings are mounted on a steel plate embedded 
in the wall opening of the switchgear structure. When mounted, the 
bushing should be at an angle of up to 120 degrees from the vertical. 
To avoid condensation around the bushing and on its surface, 



the mounting plate should be lagged on the inner side (within 
the switchgear room) with a layer of heat insulation (asbestos, glass 

wool). 

These bushings are lifted into place by eyebolts screwed into 
their flanges. 



An MH-110 oil-filled bushing mounted in place may be seen in 
Fig. 160. 

Problem. Write up the mounting of an outdoor IIHE-10/1000 bushing as 
shown in Fig. 159. 


27. Mounting of Isolators 

Isolators in outdoor substations serve the same purpose as those 
in indoor substations (see Sec. 10). 

Some of the isolators used outdoors are illustrated in Figs 161 
and 162, while Table 22 gives their weights. 

Visual inspection. Isolators received for mounting should be first 
given a visual inspection for broken porcelain, deformed bases, and 
missing parts. 

PJ1H and PJ1H3 isolators come as separate single-pole units ready 
for mounting and assembly into three-pole units, with the fixed 
horns detached and secured to the moving contacts. 
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Fig 162. Outdoor isolator provided with earthing blades 
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Fig. 163. Installation drawing for PJIH-UO isolator to be mounted 

on wooden support structure 








Table 22 


Weight of Several Outdoor Isolators 


Type 

"’eight, kg 

P.TH-35 1000 

431 

P/1113-35 000 

*oi 

4,35 

PJIH-110 1000 

1 2(il 

PJIH3-110/1000 

1.291 


A ole: (1) The letters in the type designations 
stand for: P for “isolator". “line circuit” 

Lrlr; 3 ’ : <ear, ^*ng blades” The nunierator 

jL t °* es % t\ rat,;i ?’ 1 V 11 ' den ? n,,n ator, the current 
rating (2) The weight is given for three poles. 



^minting of an isolator. Isolators may be mounted on a wooden 
(Fig. 163), a metal (Fig. Ifa4), or a reinforced-coucrete support 

structure. The last two types 


Fig 164. General view of P .1113-110 isola¬ 
tor mounted on a metal support structure 


are more common. 

Each single-pole unit of an 
isolator is lifted onto its sup¬ 
port by a truck crane or an 
electric hoist and secured in 
place by holts varying in size 
from M18 to M20. 

In setting up the pole units, 
it is necessary to see that the 
moving contacts correctly en¬ 
ter their fixed contacts. If they 
do not, the base of the isolator 
has been deformed. 

The moving horn (see Fig. 
163) should wipe against the 
left-hand side of the fixed 
horn (as viewed from the ro¬ 
tatable column) with slight 
friction. 

When all three single-pole 
units are in place, they are 
closed as far as they will go 
and connected into a three- 
pole unit. For this, two 
pieces of one-inch gas pipe cut 


156 




to the required length are fitted with the end fittings supplied 
by the isolator manufacturer (see Fig. 163). The end fittings are 
secured to the pipe ends by pins prepared from 6 to 8 mm round 
steel wire. The tie rods thus made are then seated on the pivot 
studs of the actuating levers in each pole. 

Mounting of the operating mechanism and its linkage to the iso¬ 
lator. The PJIH-110 mechanism (Fig. 165) is used to operate PJIH-35 
and PJIH-110 isolators. It weighs 11 kg. 

PJIH3-35 and PJIH3-110 isolators use IIPH3-35 operating mecha¬ 
nisms 16 kg in weight (Fig. 166). 

The isolators are linked with their operating mechanisms by a tie 

rod made from 1-^-inch gas pipe. The pipe is cut to a length which 

depends upon the height at which the isolator is to be erected (see 
Fig. 163). This height is specified in the drawings. The operating 
mechanism is usually mounted some 1.4 metres above the finish 
grade of the substation. 

The pipe is drilled and pinned on the shaft of the middle isolator 
pole. The operating mechanism is next set up and temporarily aligned 
to fit the pipe. In the meantime the lever of the operating mechanism 
should be in the closed position, i. e., turned clockwise until the 
latch snaps into its left-hand limit recess (see Fig. 165). The lower 
end of the pipe, marked out for drilling by that time, is drilled and 
pinned on the operating-mechanism shaft. The pins may be made 
from round steel 6 to 8 mm in diameter. 

Now the operating mechanism is plumbed and finally secured in 
its permanent position. The lever of the mechanism may now bo 
turned counterclockwise to raise the moving contacts of the three 
isolator poles through an angle of not less than 50 degrees in PJIH-35 
isolators, and not less than 57 degrees in PJIH-110 isolators, which 
also applies to PJIH3-35 and PJIH3-110 isolators. With the moving 
contacts thus positioned, the right-hand limit recess is reached and 
the lever latch is free to enter the stop recess and lock in this posi¬ 
tion. 

The auxiliary switch of the operating mechanism is mounted so 
that the cams operating the “open” signal are fully closed when the 
operating mechanism is in the open position. 

The cam controlling the “closed” signal is set at the manufacturer’s 
works and should be fully closed when the operating mechanism is 
in the closed position. 

Mounting of PJIH3 isolators. When PJIH3 isolators are mounted 
two lengths of one-inch gas pipe should be slipped onto the ends of 
the earthing-blade shafts before the pole units are secured in place, 
bach pipe should be cut to suit the actual distance on the site. Tho 


159 




Fig. 165. riPH-110 operating mechanism Fin. 166. IIPII3-35 operating mechani 









pipe ends should be marked out for drilling and drilled to match 
the holes in the shafts where the pipes are to be fitted. 

The actuating lever (see Fig. 162) supplied with the isolator is 
fitted on one of the above pipes, the three earthing blades are closed, 
and the pipes are fastened on the shafts with the bolts supplied by 
the manufacturer, using the holes drilled in the pipes. The actuating 



Fig. 167. Isolator installation: 

a —PJIHfl two column pole; 6—POH Isolator fitted with counterweights 

lever should be so mounted that its middle is 200 mm away from the 
centre line of the middle pole and makes an angle of 45° with the 
vertical towards the rotating insulator. Then the lever and its pipe 
are drilled together, and a pin of 6 or 8 mm dia is driven in the 
common holes. The actuating lever is then coupled with the inter¬ 
mediate arm by means of the link rod supplied by the manufacturer. 
The link rod should be adjusted so that the axis of the intermediate 
arm makes an angle of 45 degrees with the pole axis. 

The intermediate-arm shaft is connected to the auxiliary shaft of 

the operating mechanism by a l~inch gas pipe. The tie rods for actu¬ 
ating the contact blades are fitted with the operating mechanism 
lever in the closed position. 
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Connection between circuit 
breaker and operating mechanism 

“===». . _ ^50 










After erection of the isolator and operating mechanism all rubbing 
parts should be lubiicated and several trial closing and opening 
operations performed to make sure that all the units operate prop- 

er i y n* addition to PJ1H and PJ1H3 isolators, use in outdoor substa¬ 
tions is made of POH and PJ1Hfl Gfl standing for “two-column ) 
isolators shown in Fig. 167. 

Problem. List the operations performed in mounting an outdoor PJ1H-110 
isolator as shown in Fig. 1C3. 


28. Mounting of Type BM-35 and BMfl-35 Oil Circuit Breakers 

Among the various types of oil circuit breakers used in outdoor 
substations operated at up to 35 kv are the BM-35 and BMfl-35 oil 
circuit breakers. The letter “fl” in the latter type designation signi¬ 
fies that its bushing current transformers are provided for differen¬ 
tial protection. 


Gas pipe lever for hana 
closing!furnisnea Dy 
installer) 



Fig. 169. General view and installation dimensions of the typo BMfl-35 oil cir¬ 
cuit breaker: 

l —cable box; 2 —cabinet containing operating mechanism; 3 —Joint coupling; 4 —earthing 
bolt; 3—oil level gauge; 6—winch; 7—oil drain valve; «— manual trip device; 9 —gas vent 
pipe and relic! valve; 10 —top plate; li— tank; 12— framework; 13— manual-operation gas 
pipe lever; u —conduit pipe for current transformer small wiring 

Both BM-35 and BMfl-35 oil circuit breakers are shipped by the 
manufacturer complete with their operating mechanisms. The former 
uses an outdoor IIIHP-35 cabinet-housed, lever-type mechanism, and 
the latter, an outdoor IUI1C-10 cabinet-housed, solenoid-type operat¬ 
ing mechanism. 
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inXl“l69 data f ° r the ab ° Ve ™ «b» 

T , A . B . M " 35 . b f ak f er , ai l d its operating mechanism weigh 1 045 Up 
The total weight of the BMfl-35 brea ker and its operating mechanism 

* s 1,025 kg. In both cases the 
weights are givendry. Each break¬ 
er takes 300 kg of oil. 

The two breakers are identical 
in internal construction. Fig. 170 
shows a cross section through a 
-// phase of these circuit breakers. 
Take-down inspection prior to 
mounting. After unpacking, each 
circuit breakerreceived for mount¬ 
ing, must be thoroughly inspect¬ 
ed for possible damage in tran- 
sit, especially for broken porce- 
13 lain bushings. 



Fig. 170. Sectional view of one phase 
in a BM-35 (BM/I-35) oil circuit break¬ 
er: 

oil drain valve; 2—cross-arm and moving 
contacts; 3— shield; /—guide tube; 5 —tank 
lowering sheaves; 6—oil level gauge; 7— 
nut; 8— actuating linkage; 9 —bushing con¬ 
ductor rod; 10 —nut; //—bushing shell- 
12 —t°P plate; 13 —current transformer; // — 
axial-blast arc-control chamber; is— tank- 
16— insulating lift-rod 



Fig. 171. Locking parts used 
during transportation of cir¬ 
cuit breaker: 

/—clamp for holding BMfl-35 
oil circuit breaker closed; 2 — 
clamped arm for holding BM-35 
oil circuit breaker closed 


Id addition, the breaker should be given an internal inspection, 
ror this, the breaker tanks are lowered by means of a winch 2 
(Fig. 168) and a wire rope passed over sheaves 5 (Fig. 170). Before 
a tank can be lowered, the wire rope is first slightly pulled taut by 
the winch, the nuts 7 (Fig. 170) are unscrewed, and the tank is lowered 
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onto wooden boards placed on the ground. The circuit breaker is 
next carefully opened by removing the clamped arm 2 on a BM-35 
circuit breaker and the clamp 1 on a BMfl-35 circuit breaker (Fig. 
1/1), provided for transportation purposes. 

The internal inspection should be concentrated on the condition 
of the insulating parts (tank insulation, bakelised sleeves, barriers 
etc.), actuating linkage, and contacts. 

The operating mechanism is inspected for the condition of the 
auxiliary interlocking switch contacts and for connection of the 
leads to the terminal blocks. The parts of the operating mechanism 

and the auxiliary 
switch contacts are 
also wiped with a 
clean dry rag and then 
given a thin coat of 
petroleum jelly. 

It is good practice 
to give the circuit 
breaker a trial man¬ 
ual operation. For 
this, a steel bar 50x5 
mm up to 1.5 m long 
Fig. 173. Raising of apparatus by use of a ramp j s inserted in the fork 

on the BM-35 breaker 

shaft, or a piece of 1-^-inch pipe is slipped on the operating mech¬ 
anism lever of the BM^-35 circuit breaker. 

When circuit breakers are not to be installed in their permanent 
positions at once, they should be stored in locations sheltered from 
snow and rain. It is good practice to clean and dry out the tanks 
and then fill them with dry oil before they are placed in storage. 

Mounting of the circuit breaker and its operating mechanism. 
BM-35 and BM/J-35 oil circuit breakers are lifted on their foundations 
by a truck crane and secured to the foundation by M20 bolts. Fig. 172a 
suggests a foundation for BM-35 circuit breakers and Fig. 1726, for 
BM^-35 circuit breakers. 

The circuit breakers may also be moved onto their foundations 
by means of a ramp, as shown in Fig. 173, and an electric winch. 

The operating mechanism is then mounted on a pedestal and cou¬ 
pled to the circuit breaker by a detachable joint coupling (Fig. 174) 
in the following order: 

1. The circuit breaker and the operating mechanism are closed} 
the coupling fork, intermediate fork, and the coupling disk of the 
joint coupling are put on the shaft in that order; the shafts of the 
operating mechanism and circuit breaker are brought together and 
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the coupling parts on the operating mechanism are shifted towards 
the breaker shaft until the coupling disk engages with the fork on 
the breaker shaft and an axial gap of up to 2 mm is left between t 

coupling and intermediate forks. 

2 The adjusting screws on the intermediate fork are set so tl at 

the least clearance is on the side opposite the direction of rotation 
of the fork on a closing stroke. 


Operating 

mechanism 

shaft 


Screw M 10*40 


Coupling fork 

D 



Circuit breaker 
actuating shaft 



Interm ediate ( adjus tmg) f ork 



Disk 



Fig. 174. Joint coupling 


3. The coupling fork is fixed on the shaft, for which purpose a 
hole 6 mm in diameter is drilled on both, reamed with a 6 to 7 mm 
taper reamer, and a taper pin is driven in. 

Adjustment and testing. After the operating mechanism is con¬ 
nected to the BM-35 circuit breaker, they are adjusted for joint opera¬ 
tion by varying the length of tie rod 12 inside the operating mecha¬ 
nism cabinet (Fig. 175) or by slacking or tightening down the screws 
on the adjusting fork. When properly adjusted, the closed position 
of the operating mechanism corresponds to the fully closed position 
of the circuit breaker. 
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The small wiring from the current transformers is taken to 
terminal blocks in the operating mechanism cabinet inside a shon 

length of 1-inch pipe 12 (Fig. 168) fitted between the circuit break- 

nn. a i n A th i e ° P i ratingme v hanism - 0ne end of the pipe is screwed and 
•t-locked in the circuit breaker housing and the other end's secured 

in the operating mechanism cabinet by two nuts. 



tig. 175. Ill HP operating mechanism: 

^ox; ^“door; 3 —position Indicator window; 4 —operating mechanism 
shaft; 5— terminal block for bushing current transformer connections; 6 — operating 
lever; 7—position Indicator; 8— manual trip device; 9-nPBA manual operating 
mechanism; /0-control and signalling circuit terminal block; //—HCA aulnia?? 

switch; 12 —tie rod 


BMfl-35 breakers arrive at the site with their operating mechanisms 
attached (see Fig. 169). Therefore, their installation is immediately 
followed by their checking and operation tests. 

The testing procedure is, in the main, identical for both types. 
Above all, a circuit breaker is tested for positive action. If the 
breaker mechanism is found to seize in the closed position, the stop 
screw 3 on the middle-phase top plate of the mechanism (Fig. 176) 
must be unscrewed and the breaker closed manually, with the operat¬ 


es 














ing mechanism temporarily disconnected. The breaker, however, 
should be closed only just past the dcad-eentre position where it 
not open if the force applied to the coupling fork ,s removed After 
this the stop screw should be driven in again until the circuit break 
er opens. The stop screw is then given a turn or a turn and a half 

more and locked. 


/ 



Fig. 176. Actuating-linkage cover set: 

/—cover; i— sleeve; 3—stop screw; /—horizontal linkage bars; 5—actuating linkage 

member; 6 —gas vent tube with relief valve 


The contacts are checked to see that they close simultaneously by 
means of the hook-up shown in Fig. 177. If they do so, the lamps 
will go on simultaneously. The tolerance is 4 mm. In other words, 
if the contacts of any one phase meet (the lamps in this phase light 
up), the blade contact of any other phase may be within 4 mm of its 
mating contact. The contacts are adjusted for simultaneous closure 
by adjusting the position of the blades along the lift rods (Fig. 178), 
for which purpose their nuts 5 must be loosened. When necessary, the 
arc control chamber 14 may be slightly shifted on the lower part of 
the current-conducting rod 9 in the terminal bushing 11 (see Fig. 170). 

Another point to attain in adjusting the contacts for simultaneous 
closure is that a blade should enter its mating contacts 10 to 14 mm 
after they first touch each other for the springs to develop the neces¬ 
sary contact pressure. 

Normal full travel of moving contact should be 235Ztf 0 mm. 

After contact adjustment, the arc barriers 3, removed during the 
adjustment, are reattached. 

The contacts of the auxiliary switch are adjusted by varying the 
length of the link rods and of the arm which fastens the links to the 
operating-mechanism shaft. 
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tilling with oil and putting intoservice. The circuit breakers under 

discussion come from the manufacturer empty of oil. Before thev 

may be filled with oil. their tanks should be thoroughly cleaned and 
wiped, and their drain valves flushed weanea and 

with oil. All the internal insulating 
Parts should be wiped with clean rags 
moistened with petrol. The oil gauges 
should be checked for correct indica¬ 
tion. 

The manufacturers recommend that 
the breakers should be dried out be¬ 
fore their tanks are filled with oil. The 
simplest method of drying out is to 



Fig. 177. Test circuit for 
checking breaker contacts for 
simultaneity of closure: 

cross arm; 2— lamp panel; 

J —swi tch 



J—guide tube; 2 —oil dash- 
pot; 3—lift rod; 4— 
cross-arm; 5—nut 


hang from the contact blades electric lamps totalling 1,000 watts 
connected to a supply through a rheostat. The tank is slightly low¬ 
ered for better ventilation. The lamps are switched on and their 
glow is adjusted so that the temperature at the tank walls reaches 

70 C during a warm-up period of 3-^ hrs. Drying proper is carried 

out for 8 to 10 hours. 

1 he filled tanks are centred and lifted in place. The centring pro¬ 
cedure is as follows: place a straight edge across the lowered tank so 
that it touches the two barriers of the arc-control chamber of one 
phase on one side and draw marks on the breaker framework; repeat 
this procedure on the other side of the same phase; divide the distance 
between the two sets of marks made (Fig. 179) and mark off the mid¬ 
point 3. When the tank is lifted into position, its welded seam 2 should 
be directly opposite the centre mark on the framework. 
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Fig. 179. Centring check¬ 
ing: 

/—straight edge. 2 —tank 
weld seam; j—midpoint mark 
on framework 


Before it is put into service a BM-35 oil circuit breaker is given as 
many as twenty trial closing operations in succession. The tripping 
should be accomplished by the automatic control devices. 

In the case of a BM^-35 breaker, it should first be closed manu¬ 
ally and then given five closings performed by remote control at 
80 per cent control voltage, five closings at rated voltage, and two or 
three closings at 110%. 

The voltage is measured across the terminals of the operating 
mechanism. In trial closings, intervals of sufficient length should 
be maintained between operations to allow the closing-solenoid coils 
to cool off. 

The breaker framework should be connected to the earthing system. 

All the rubbing parts in the operating mechanism should be lubri¬ 
cated with petroleum jelly or grease, or, in locations having low 
ambient (sub-zero) temperatures, with nonfreezing grease. 

Problem. Write up an operation sequence for the installation of a BMfl-35 
outdoor oil circuit breaker to the drawing given in Fig. 169. 
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29. Mounting of an MKV1-35 Oil Circuit Breaker 

T, ie MKn-35 oil circuit breaker is an outdoor bulk-oil apparatus 
ll is shipped by the manufacturer fully assembled (but empty of 
oil) as a three-pole unit complete with a UinC-30 solenoid operating 
mechanism. The overall and installation dimensions of this breaker 
are given ,n Fig. 180; a cross section through a phase is shown in 
rig. 181, and the top-plate assembly in Fig. 182. 

The circuit breaker and its operating mechanism total 2 600 kg in 
weight (less oil) and takes 800 kg of oil. This circuit breaker may 
al>o be operated by a 111113-2 mechanism. 

Ihese oil circuit breakers are shipped from the manufacturer’s 

works locked in their closed position and crated. The control key 

screw jack and signal lamp fittings are stowed in the operating mecha¬ 
nism cabinet. 


As the operating mechanism is a heavy piece of equipment, the 
circuit breaker should be so lifted on the slings that the axis of the 
lifting hook runs between the first and second phases (Fig. 183), or 
the crate may turn over. 



Fig 180. General view of MKI1-35 oil circuit breaker: 

/—breaker framework; 2 —manual trip lever. 3— UinC-30 solenoid operating mechanism; 
4—bushings; 5—tanks; 6—tank raising and lowering winch; 7—nameplate; «—cable boxes 


























Take-down inspection before installation. A circuit breaker, when 
received is first checked for possible breakage of its crating, un¬ 
packed, and checked for missing parts against the shipping list at¬ 
tached by the manufacturer. Following this, the circuit breaker is 
aiven a visual inspection for broken porcelain bushings (Fig. 184). 
Then the circuit breaker, for visual internal inspection, is opened, 


and the pole tanks are low¬ 
ered with the aid of the winch 
6 (see Fig. 180) mounted on 
the breaker framework. To 
lower the tanks, the wire 
rope is passed over the sheaves 
of the tank to be lowered, 
and slightly tautened; the 
eight bolts securing the tank 
to the circuit breaker top plate 
are removed; and the winch 
is operated to lower the tank 
onto wooden boards laid on 
the foundation slab. The oth¬ 
er two tanks are lowered 
likewise. 

Before the tanks can be re¬ 
moved for inspection, the cir¬ 
cuit breaker should be closed 
manually. The tanks are taken 
aside and thoroughly inspect¬ 
ed for damaged plywood 
insulation, defective oil drain 
valves, broken glass in the 
oil gauges, and clogged gas 
vents. Then the tanks and fit¬ 
tings are thoroughly rinsed 
with clean oil. To shut out 
dirt, the tanks should be cov¬ 
ered with sheets of plywood 
during this work. 

Internal inspection should 
also cover the bakelised 



Fig. 181. Cross section through one 
phase of circuit breaker: 

i—oil drain valve; 2 — moving contacts; 
guide tube; /—current transformer; 5—oil-ievcl 
gauge; 6— actuating linkage; 7—bushing; 8 —top 
plate; 9—level of oil; /a—arc-control chamber; 
//—tank; 12 —electric heater 


sleeves, insulating rods, bakelised barriers, actuating linkage, arc- 
control chambers and contact system. 

The inspection of the operating mechanism should lay emphasis 
on the auxiliary-switch contacts, contactor and terminals. 

hen all the rubbing parts of the mechanism and contacts 
are cleaned and lubricated with petroleum jelly. The parts of 
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Fig 183. Position of sling ropes when lifting a circuit 

breaker 
































Fig. 184. Condenser bushing: 

a— cross section of bushing; b— detail 'a*; /—brass collar; 2—rubber 
gasket, 3 stop pin; 4 —brass nut; s —copper tip; 6—stop screw sealed 
wltti tow and red lead cement; 7 — steel cap; 8 —brass washer; 9—rubber 
washer; 19—nonmagnetic, cast-iron cover plate; 11—porcelain shell; 
12 — fill ng compound; 1 J—current -carrying rod; 11—brass nut sealed with 
tow and red lead cement; 15—pressboard gasket; 16—condenser-paper 
sleeve; 17—nonmagnetic cast-iron flange 


the actuating linkage are lubricated with solidol or a similar 
grease. 

As part of inspection the circuit breaker should be closed by means 
of its operating mechanism and screw jack. 

When a circuit breaker is kept in storage, the manufacturer recom¬ 
mends that the tanks should be filled with dry transformer oil to 
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avoid the ingress of moisture and deterioration of the insulating 
parts. 

Mounting of the circuit breaker and operating mechanism. The 
recommended foundation for an MK11-35 oil circuit breaker is shown 
in Fig. 185 together with the anchor bolt layout. The circuit breaker 
is put on its foundation in the same manner as the BM-35 and BM/J-35 
breakers (see Sec. 28). 

Once on its foundation, the breaker is adjusted and tested in 
both the closed and open positions, as well as while being slowly 
closed and opened with the aid of 
tlie screw jack supplied with the 
breaker. To make operation of the 
screw jack easier, a one-metre 

length of 1-^-inch gas pipe can be 

slipped on the end of the jack 
screw lever. 

Before the breaker may be 
closed, its arc-control chambers 
(Fig. 186) should be examined and 
cleaned. This involves removal of 
the barriers 2 and the housings 
8 holding the packs 11 from the 
arc-control chambers. For this pur¬ 
pose the insulating bolts which 
secure the barriers to their lower 
packs are undone and the barrier 
proper is lowered. Then the steel 
bolts fastening the chamber body 
to the holder 6 are unscrewed, and 
the body lowered. The barrier is 
now lifted upward and slipped on 
the bakelised sleeve of the bush¬ 
ing 7 (see Fig. 181), the chamber 



Fig. 186. Arc-control chamber: 

J—throM; 2 — barrier; s— Ocxlble con¬ 
nection; spring; i —guide bolt; 6— 
holder; 7—butter space; 8— housing; 
9 sleeve; 10 — replaceable tip of station¬ 
ary contact; //—pack plates 


b °& e r, VOd ' and the , ba " ier ca " bo removed. 

After theSect Z ^ ° f the collar receiving the spring 

cleaned, the 

7-P47 
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with its stop screw, and the holder 6 checked for reliable connection 
to the bushing rod. 

The circuit breaker is now closed with the screw jack, taking caro 
that the cross-arm contact rods enter the arc-control chambers along 
their centre lines. In its closed position, the circuit breaker should 
, 80 t be held latched by the operating 

S 5 mechanism. 

jc When the circuit breaker is 

\ f 'wv "t~ closed, the pawl of the jack is 

\ ^. swung through 180° and the jack 

_ D o I ~^ screw is lowered, and the actu- 

S -4^- p at ing linkage of each pole is then 

.-f'l — checked for proper positioning 

^ ' / (P*g- 188) with a template 

^_cj / (Fig. 187). The middle pivot may 

*"• _12*./ stop within 2 to 3 mm of the 

/ template (Fig. 189). 



Blank for template 


X-y 



M!\ 



15 to 
\2 (Tim 
\gao 


If the template check shows that the relative position of the links 
is other than required, the horizontal tie rods 4 (see Fig. 182) should 
be either shortened or lengthened by screwing their end fittings in 
or out. 

When the deviation is the same for the linkage of all three phases, 
they may be adjusted by means of the vertical tie rod 8 linked with 
the operating mechanism alone. 
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Fig.lfOj Closed position of circuit break- Fig. 190. Lift rod and cross- 

er being checked by means of template arm with the moving con¬ 

tacts: 

I— cross-arm; 2 —contact rod; 

contact tip; ^—lift rod; 
5—oil dashpot; $— sulde tube; 
7—lock nut 


* n f be ac tuating mechanisms are in their proper position 

t 5 to 2 m r( F iri89). aClUati, ’ g l6Ver and the “ m “ SCr6W iS 

thJdnaH^in f SC Q reW s f rves prevent the levers {rom shooting past 

breaker mechlfmC^T’ W . h|ch , may occur due t0 the inortia of the 
contacts 18 being cIosed Metrically. Next the 

and have sufne If , l ° de f ermine that they close simultaneously 
dosu V oVtt C I aVel \ nside the Rxed contacts. Simultaneous 

with each set of rnnf^t 1S ® becked Wlth lamps connected in series 
and RMfT k c ° ntacts - The test circuit is the same as for BM-35 

phLs mu'st ma ? kers ( f e Fi 6- 177 >- The contacts in the various 

In other words tlS*" 1 f£ e0 “ Iy Within 4 mm of lheir travel. 

(the lamp lights^u’oWhli ‘ he . c0 " ta . cts , in a "y one P^se just make 
within no mnro Z’ / contact f *n the other two phases may stop 

wunrn "° more tha " 4 mm of their make positions. 


7 * 
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The necessary adjustment can be made by screwing the cross-arm 
contact rods 2 either in or out (Fig. 190). 

The travel inside the fixed contacts should be within 16 + 1 mm 
while full cross-arm travel must be 280 mm. 

The reassembly of the breaker is the reverse of its disassembly. 
In putting together the arc-control chambers, care must be taken 

that the cross-arm contact rods are free to enter the throats of the 

stacks. 

If any one of them rubs, the tilt of the terminal bushing must be 
changed accordingly. 

In conclusion, the small wiring running to the operating mecha¬ 
nism cabinet is connected to the current transformer terminals so as 
to obtain the required turns ratios. 

Filling of the circuit breaker with oil and putting into operation. 
The rules for filling the circuit breaker with oil are as follows. First, 
all insulating parts should be wiped clean with a petrol-mois¬ 
tened rag; the bottom of the tank and the drain valves flushed 
with oil, and the oil gauge checked for correct indication. 

Before a circuit breaker is put into service, it must be tested 
for joint operation with its operating mechanism. The first several 
trial closings are carried out at a reduced control voltage (not 
over 180 v); then the voltage is raised to the rated 220 v; and, finally, 
the breaker is tested at an increased voltage (242 v). 

As many as five closures are made at the reduced and rated volt¬ 
ages, and two or three at the increased voltage. 

All the rubbing parts in the operating mechanism must be lub¬ 
ricated with petroleum jelly or grease. 

The breaker framework must be connected to the earthing system 
by steel strip not less than 40x4 mm in cross section. 


Problem. Answer the following questions in writing: 

1. What is the sequence of operations for mounting an MKI1-35 oil circuit 
breaker? 

2. What hook-up can be used to check the breaker contacts for simultaneous 
closure? Draw the circuit diagram. 


30. Mounting of an Mf-35 Oil Circuit Breaker 


The MT-35 is an outdoor separate-pole multitank minimum-oil 
circuit breaker for 35-kv service. Its installation dimensions are 
given in Fig. 191. Fig. 192 shows its construction. 

The MF-35 breaker weighs 926 kg without oil and the operating 
mechanism, and takes 120 kg of oil. 


ISO 



The circuit breaker is operated by a lIinC-20 solenoid mechanism, 
the general view and installation dimensions of which are given in 
Fig. 191. The mechanism weighs 160 kg. 

Mr-35 circuit breakers come from the manufacturer fully assem¬ 
bled, adjusted and Tilled with oil. After it is examined for broken porce¬ 
lain and missing parts, the breaker may be lifted onto its foundation 
by a truck crane of not less than one-ton lifting capacity. The slings 
should be arranged as shown in Fig. 193. 



Fig. 7.97. General view and installation dimensions of the Mr-35 oil 
circuit breaker and LlinC-20 solenoid operating mechanism 


Next M20 Tixing bolts are inserted in the four holes in the support 
feet so that they enter the mating holes in the foundation 
After the circuit breaker is levelled and aligned horizontally 
vertically and axially, the grout is poured in around the bolts 
Simultaneously the operating mechanism is mounted and secured 
on the head end of the breaker foundation by means of four M16 
bolts (see Fig. 191). 

When the circuit breaker is in place, the oil is drained for 
which purpose a length of 12-mm diameter rubber tubin» is 
attached by wire binding to the oil drain fitting 20 (see Fig 199 ) 
in the bottom of the pots 21. When the bush is screwed in, the oil 
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drain fitting opens, and when it is screwed out the drain fitting is 
closed. 

After the oil has been drained, the pots and oil gauges 2 
together are removed, followed by the sides 3 and front plate 
4 of the frame, and the panelling of the operating-mechanism 
cabinet. 

Next a three-inch connection pipe is installed between the circuit 
breaker and operating mechanism. Its length depends on the actual 
distance between them (see Fig. 191). 

The small wiring from the current transformers and heaters is then 
bunched, slipped through the connecting pipe between the circuit 
breaker and operating mechanism, 
run as required, and connected to 
the terminals provided in the 
breaker frame (Fig. 194). 

The following operation is to in¬ 
stall the tie rod between the operat¬ 
ing lever (see Fig. 195) of the break¬ 
er and the operating mechanism 
through the access hole in the cover 
of the breaker frame. The operating 
mechanism is closed manually, 
while the breaker is left open. At 
the same time, the levers should 
be checked to see whether they 
bear on the heads of the oil dash- 
pots 11. 



hg. 193. Arrangement of sling 
ropes for lifting an Mr-35 oil cir- 
cuit breaker 


is screwed into the clevis & 

.. a /I A a I 


The tie rod is made from 4~inch 

gas pipe 80 mm shorter than the 
distance A in Fig. 195. This pipe 
is fitted with two studs, fixed by 
pins or welding. The upper stud 

and^the lower one, into the drive ‘nut T "of the V operating mech- 

A ^ r . th0 cir f uit bre ? ke r and its operating mechanism are coupled 
the closing system is checked for ease of operation. Closing is per¬ 
formed with the aid of a 1 T -inch gas pipe 1.5 metres long slipped on 
the manual closing lever of the operating mechanism 
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Fig. 194. Arrangement of the terminals in the operating-mechanism cabinet and circuit-breaker 

frame, and the current transformer connections 






























ducting rod 5 (Fig. 197) and the nuts are 
slackened; the adjusting nut 4 is screwed 
up or down (whichever may be the case) until 
the rod 5 is shifted the required dist¬ 
ance. 

After that the nut 1 is tightened snugly 
against the adjusting sleeve 3 and screw- 
locked, the limit stop 2 is re-placed, and 
the remaining nuts are tightened. 

The point to be checked next is the gap 
between the end of the stop screw 16 and 
the back of the double-arm lever 15 (see 
Fig. 192), which mint not exceed 1 mm 
when the breaker is closed. 

It should also be ascertained that when 
the circuit breaker is closed, the breaker 
operating lever and the tie rod of the first 
pole are near the dead-centre position. 

Ovcrtravcl past dead-centre is a sign of 
abnormal condition in the circuit breaker 
and may result in a failure to perform an 
opening operation. Normally the relative 
position of the lever 2 and the tie rod 3 
should be as shown in Fig. 198. At the 
same time the distance between the end of 
the tie rod 3 and the circuit breaker shaft 
should be between 5 and 10 mm. 

In conclusion the breaker is closed and opened several times 
to make sure that it functions properly from any intermediate 

position. If it does, the 
pots and their oil gauges 
are re-mounted and 
the circuit breaker filled 
with pure dry transform¬ 
er oil level with the 
upper mark on the oil 
gauge. About 12 kg of 
oil are required per pole. 

The oil-filled circuit 
breaker is then made to 
close and open by tho 
operating mechanism, 
starting with a reduced 
(80 per cent) voltage, 
rising to the rated 



« 

tig. 196. Determination of in-conlact folio 

of contacts: 

ssssr £!E» ,*”*«* 

5—current-conducting ’rod; 6-inteJmcdlate co^ta 



Fig. 195. Determination 
of tie rod length between 
circuit-breaker mecha¬ 
nism and the operating 
mechanism: 

1— breaker actuating shaft; 

2 — circuit breaker actuating 
lever; a—clevis; —tie rod 

(—•Inch gas pipe); 5—operat¬ 
ing mechanism lever in its 
•closed* position; 6 —drive 
nut of operating mechanism 





voltage and winding up with an increased voltage (but not over 110 
percent . 1 he trial sequence is five operations each at reduced and 
rated voltage, and three operations at increased voltage 
The voltage should be measured at the terminals of the operating 
mechanism on a closing stroke. The trial operations should be per¬ 
formed at intervals of 1.5 to 2 
minutes, or the closing solenoid coil 
may be overheated. 

It may so happen that the cir¬ 
cuit breaker, after closing, fails to 
stay closed. The cause of this should 
be looked for in the auxiliary 
switch which may interrupt the 
closing circuit prematurely. This 
fault may be remedied by chang¬ 
ing the angle of rotation of the 
contacts. 




Fig. 197. Detail of the fastening 
parts on upper end of current¬ 
conducting rod: 

1 — nut; 2—stop plate; 3 —adjusting 
sleeve; /—nut; 5—current-conducting 
rod; 6—flexible lead 


Fig 198. Interlinkage of first-pnle tie 

rod with operating mechanism tie rod: 

i—actuating shaft of first phase; 2 —actuating 
lever of first phase; J—first-phase tie rod; /— 
circuit;breaker actuating lever; 5 — clevis; fi— 
operating-mechanism tie rod; 7—circuit-breaker 
actuating shaft 


The angle of rotation of the auxiliary switch contacts is adjusted 
by altering the length of the tie-bar arm linking the switch and the 
operating mechanism or, if necessary, by varying the arm length on 
the auxiliary-switch lever which has a series of holes for the purpose. 
When necessary, the position of the lever on the shaft may be 
changed relative to the switch disk. 
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Normally the interlock contacts in the closing coil circuit must 
break at the very end of the stroke, and the break distance when the 
operating mechanism is closed should be 4 to 5 mm. The same break 
distance should appear between the contacts in the trip coil circuit 
when the circuit breaker is open. 

Prior to putting a circuit breaker into service, it is necessary to 
check its electric heaters 10 (Fig. 192) for proper connection which 
should be parallel for 127-volt supply and series for 220-volt supply. 

The resistance of the heaters must be adjusted so that their total 
power consumption is 600±50 watts. This adjustment is accom¬ 
plished by shifting the clamps on the six resistor stacks. 

Problem. According to the data given in Fig. 191, make a laying-out drawing 
which will enable the builders to put in a concrete foundation for an Mr-35 oil 
circuit breaker. 


31. Mounting of an Mr-110 Oil Circuit Breaker 

The Mr-110 is a separate-pole multitank minimum-oil circuit 
breaker of the 110-kv class for outdoor installation. 

Each pole of this circuit breaker, without the operating mechanism 
and oil, weighs 1,000 kg and takes 200 kg of oil. 

For the installation dimensions of this circuit breaker see Fig 199 
Its construction is shown in Fig. 200. 

The Mr-110 breaker is available with either three-pole or single¬ 
pole control. Our discussion will be concerned with a three-pole break¬ 
er unit which is operated by a UinC-30 solenoid mechanism. This 
operating mechanism is identical in design with the nC-30 (see 
Sec. 16), the only difference being that it is intended for outdoor 
installation and is housed in a cabinet. The IUriC-30 operating 

kg - Ils gcneral view and <—■ 

Take-down inspection and assembly before installation. The Mr-110 
oil circuit breaker comes from the manufacturer partially disassem- 

ssra ft wr rriS 

AfZr nrn 1Sm i IS , mou !'“ !d <”> the same foundation. P 

panels Vrnd J e (Vir 20 lT n ai ifted ,B P >“ h ° n the Weldod the 

( ig. 201) are removed, the interpole spacers 1 put 
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Fig. 199. General view and installation dimensions of the MT-110 oil circuit breaker and IIIIIG-30 solenoid oper¬ 
ating mechanism 














Fig. 200. Side view and cut-away section of one pole of a MM 10 oil circuit 

breaker: 



in place and brace angles 7 installed between the Erst pole and the 
operating mechanism (Fig. 202). P 16 3nd the 

The blind flanges 5 (Fig. 201) which prevent the oil from being 
.plashed out in transit are removed, and relief valves are fitted 
instead, with the rubber gaskets left in place. The plugs 9 are* also 
replaced by the gas vents sealed at the joint with red-lead and tow 

To obtain access to the oil drain fittings 25 (Fig 200) the blind 

° ff th E e P n° Ie fram \ S at the b0U ° m a-remTv'ed Sc«w d 
each pofe drai “ ^ ° PeDS * Clting and the oil is drained froin 

The nuts are then unscrewed from their bolts 5 (Fig. 201) the 
upper parts of the poles are removed and placed on make-shift sup¬ 
ports. When doing so, care must be taken not to damage the bar¬ 
riers secured to the bodies 7 from beneath. 

The intermediate flanges 11 are only necessary in transit and are 
removed by unscrewing the nuts off the bolts 4. 

The upper and lower rubber gaskets are next removed, thoroughly 
washed in petrol, coated with glyptal varnish on both sides, and 
dried in air for at least 3 hours. 

The dried lower rubber gaskets are placed on the base, and the 
support insulators 2 (Fig. 200) are seated on them after the internal 
surfaces of the insulators have been wiped clean with rags moistened 
with petrol. The nuts should be tightened in turn round the circum¬ 
ference, giving each nut not more than one revolution at a time, or else 
the insulator may be broken by unbalanced tightening. 

The rods 3 should be wiped with soft dry lint-free rags, passed 
through the support insulators, with the threaded end down, and 
screwed at least 24 mm into the clevises on the internal levers within 
the transmission linkage housings. When they are properly screwed 
in place, the centre line of the hole in the upper end of each rod 
must be 86 mm above the surface of the upper flange of the insulator 
when the breaker is fully opened. 

The dried rubber gaskets may now be placed on the support insula¬ 
tors and the upper parts of the poles mounted on them. The nuts 
should be tightened with the precautions stated above, and the upper 
ends of the rods should slip in between the shackles 2 (Fig. 203). 

The length of the rod is then finally adjusted by screwing the forks 
on their ends either in or out, so that when the breaker is fully opened 
the dimension A is 97 mm for the first pole, 95 mm for the second, 
and 93 mm for the third pole. After this the upper end piece of the 
rod is linked with the shackles 2 by means of pins 1. 

In transit the guides and springs 4 (Fig. 202) as well as the forks are 
tied with wire to the external levers 28 of the lower transmission link¬ 
age housings (Fig. 200). Prior to any work on the operating mecha¬ 
nism, the wire must be removed, the pivot pins 3 (Fig. 202) pulled 
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of Ut the nd pivot g pins COnneCted with the ex ‘ernal levers by means 

Ihe side walls are then removed from the operating-mechanism 
cabinet, and the tie rods 6 are installed between the poles and the 
operating mechanism while the poles are open. Each rod should have 

, WaShe [ 0n f ach end for locki »g after adjustment. 
I he length of the tie rod to the operating mechanism should be such 

tha a clearance of about 10 mm is left between the striker of the 

pu>h rod 4 (Fig. 20 i) and the roller 6 in the operating mechanism in 
tne .open condition. 



(a) (t>) 

Fig. 204. Linkage of HC-30 operating mechanism: 

a—open position; b — closed position: /—latch plate; 2 —tie rod to circuit 
breaker; J—hold-in catch; /—push rod; 5—operating-mechanism closing 

coil; 6 —roller 


Adjustment of the circuit breaker and operating mechanism for 
joint operation. A screw jack is placed under the plunger of the op¬ 
erating mechanism, and the breaker is closed. According to the manu¬ 
facturer’s instructions, the distance B at the end of a closing stroke 
should be 28±1 mm in all three poles (Fig. 203). 

It may so happen that this distance will be reached in one of the 
poles before the closing stroke is completed. If so, the closing should 
be discontinued and the tie rod to the operating mechanism should 
be made longer by means of the turnbuckle (omitted in the figure), 
after which the closing operation may be continued. 

Final adjustment of the three poles is accomplished in the closed 
position with the turnbuckles 5 (Fig. 202) and the turnbuckles on 
the tie rod to the operating mechanism, with the screw jack slightly 


192 



lowered in order that the pivot pin of the roller 6 (Fig. 204) can bear 
on the hold-in catch 3. 

After the adjustment, the lock nuts on the tie rods should be fully 
tightened. 

Using a test lamp, the in-contact travel of the contacts is then 
checked in the three poles. This is considered normal if the pivot 
pin 1 (Fig. 203) moves 17 to 19 mm after the lamp lights up and be¬ 
fore the contacts are fully closed. 

It should be borne in mind that when the lower transmission 
linkage housings are not filled with oil, the breaker should be opened 
slowly in order to avoid damage to the breaker mechanism, as there 
is no oil to cushion the shock. For the same reason the latch 1 in the 
operating mechanism (Fig. 204) should be clamped or tied during 
these trial openings and adjustment. To open the breaker, the plung¬ 
er of the operating mechanism must first be raised with a screw 
jack almost as far as it will go, the operating mechanism should be 
driven past its closed position so that the pivot pin of the roller 6 
rises slightly above the hold-in catch 3\ the catch should then be 
forced away with a metal rod so that it is out of the roller’s way when it 
is moving downward; the pawl of the screw jack can now be reversed 
and the circuit breaker slowly opened by lowering the plung¬ 
er 5. 


After the trial closing operations, the covers of the transmission 
linkage housings are put back and secured in place, and each pole 
is filled with as much as 20 kg of oil. 

Trial power operation of the circuit breaker. The breaker should 
first be opened and closed two or three times at a reduced (80 per 
cent) voltage and the dimensions shown in Fig. 203 should be re¬ 
checked. The tolerance on the dimensions corresponding to the open 
position is ±3 mm. For a check on these dimensions, the interpolo 
tie rods should be pulled by hand to bring the mechanism against 
the limit stop of the open position. 

When finally adjusted, the breaker and its operating mechanism 

are given a series of closing and opening operations including up to 

five cycles at a voltage reduced to 80 per cent of the rated value, as 

many cycles at full voltage, and three cycles at 110 per cent of tho 
rated voltage. 

If the closing coils of tho operating mechanism are not to be overheat¬ 
ed short nme intervals should be mado between tho adjustments 
and trial operations. 

FiMing of the circuit breaker with transformer oil. Before the breaker 
“ a f i y , bo filI , ed w, * h 0,1 ’ tkc covers of tho housings should be put back 
tweenThem plaC . e / °! should ^ poured in until its level is be¬ 
ll ure n 0n J' h fK 01 gaug0 - ? ho l0wer mark is oil temper¬ 

ature of—40 G and the upper, for -f-35°C. 
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Oil IS usually poured through the opening of one of the 
relief valves, for which purpose at least one of them should^e 

r^moin eaCh f^ le - H ° We y er, 1 thiS P ur P° se can also be served 
ingi dr3in ntt,ngs ,n the lower transmission linkage hous- 

eleo!rirt.Mr ter f d r tment K The breaker h ° USing COntains a *t of 
ctnc heaters which must be connected in parallel for 110 W-v 

t. U o P n P tL and in t Seriesf ? r K 20 ; V Supp,y - After a check on their connec¬ 
tion the resistance of the heaters must be adjusted by moving the 



Fig. 205. MT-IIO oil circuit breaker in a substation 


clamps on the heater tubes so that their power consumption is 400 to 
440 watts. 

In conclusion, the panels are put back on the breaker and operat¬ 
ing mechanism, and the breaker frame and the operating-mechanism 
cabinet are connected to the earthing system. 

A general view of an MT-110 oil circuit breaker is shown in 
Fig. 205. 

Problem. Write up the installation of an Mr-110 oil circuit breaker for the 
case shown in Fig. 205. 
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32. Mounting of an MKII-110 Oil Circuit Breaker 

The MKII-110 is a 110-kv multitank, substation bulk-oil circuit 
breaker designed for outdoor installation. 

The installation dimensions of this circuit breaker are given in 
Fig. 206. The internal construction is shown in Figs 207 and 208. 

The total weight of the circuit breaker (without terminal bushings 
and oil) is 9,830 kg. It takes 8,500 kg of oil to fill the circuit breaker. 



Fig. 206. General view of the MKII-110 oil circuit breaker 

' f nr e i gaug ? : f-' lrcu,t breaker position 


This type of circuit breaker is available for three-phase and sinelc 

phase control and comes complete with a 111113-33 solenoid opefat- 
ing mechanism weighing 595 kg. operat 

MKnTa'Zl U,e circuit breaker before installation. When an 
MKn-HO breaker arrives on site, it should be inspected for damaged 

pack\ n ng a jists P mg b ° XeS and f ° r miSSing PartS against the attached 

nnrt^cVi th fa b k reaker l * nks may be left out of doors; all the other 
than +5°a ^ St ° red 10 3 heatCd r °° m at a tem P era ture of not less 

Before installation, the circuit breaker is ins D ected vUnaliv 

tres-r,, - J — 
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Mounting and assembly of the circuit breaker. The circuit breaker 
is carried to its foundation on a railway platform, or on a suitable 
truck riding a rail track, or is moved on skids. 

Fig. 209 shows the layout of the anchor bolts in the foundation of 

this circuit breaker. 

Each phase assembly of the circuit breaker can be conveniently 
placed on the foundation by a crane (Fig. 210). If a crane is not avail¬ 
able, each phase assembly can be moved onto the foundation over a 
ramp consisting of railway sleepers, square timber and boards 50 mm 
thick. 



B-795mm C-2000mm D-920mm 


Fie *09. Layout of anchor bolts for MhTI-liU oil circuit breaker 


The breaker tanks must be placed on the foundation to the mark¬ 
ings on the tanks and the levers of the operating mechanism. After 
the tanks of all three phase assemblies are placed on the foundation, 
they are levelled and aligned. For this purpose the hoods 3 are re¬ 
moved from the actuating linkage housings (Fig. 211), a steel wire is 
strung along the centre line of the three phase assemblies, and the 
tanks are levelled and aligned so that the centre line of each housing 
coincides with the steel wire. The distance between the phase assem¬ 
blies is also checked. For greater stability, pads of boiler steel 8 to 
10 mm thick are slipped under the lank feet. 

• A [ ter u 1 ! 10 leve , lling and alignment, the anchor bolts are inserted 
in the holes in the tank feet so that they hang in the wells provided 
for them in the foundation, and cement mortar is poured around them 
I'"ext the phases are connected into a three-pole unit. For this the 
tie rods 6 of the Bret and second poles are connected together by means 
of a coupler 4 (Fig. 212) provided with a left-hand and a right-hand 
thread so that the gap between the lever 7 of the breaker mechanism 
and the stop screw 1 (Fig. 211) is 1.5 to 2 mm. The tie rod must bo 
screwed at least 20 mm into the coupler at each end 

Then the tie rods between the second and third poles are joined 
together so that the gap between the lever 7 and the stop screw 1 in 
the breaker mechanism of the third pole is 1.5 to 2 mm. 
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Fig- 210 . Placing of an MKII-110 oil circuit breaker with 

a mobile crane 



Fig. 211. Actuating linkage: 

1 and 2—stop screws; 3 — hood; /—gas vent; 5 —Insulating lift rod: 

7 — actuating lever (item 9 iu Fig. 212) 


6—oil dashpot; 












Fig. 212. External actuating linkage of circuit breaker: 

angle housing with position Indicator; 2 —forked member. 3 —opening spring; coupler; 5—lock nut* 
^—tie rod; 7—housing; pivot pin; actuating lever (item 7 In Fig. 211) 
















f.5 to2mm 

gap 
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Fig. 213. Screw jack for manual 
check closing and opening of 
breaker: 

i—body; 2 -ratchet wheel; 3— nut; 
i— nose; 5— handle; 6—pawl 


Fig. 215. Checking of A1KIM10 cir¬ 
cuit-breaker actuating linkage: 

/-stop screw; 2-maln shaft of actuating 
linkage; j—actuating lever; /—middle pivot 
pin, S— template; 6—lower pivot pin 


IIS! 



tm 


m 


m. 





*r> 


Fig. 214. Template for actuating linkage adjustment: 
/—template, 2 —indicator of template, J—M7 wing nut; /—M6 uut 

















The circuit breaker is next closed by means of a screw jack (Fig. 213) 
and checked for the dead-centre position with a template (Fig. 214). 
When properly adjusted, the middle pivot of the three forming a 
dead-centre (Fig. 215) in the actuating linkage of each pole is 3 to 
4 mm off the dead-centre position. 

The total travel of the cross-arra should be 510 +JO mm. 

The breaker is then fitted with the current transformers (Fig. 210) 
which should first be given a standard check. 

Prior to installation, the bottom and walls of the current transform¬ 
er chamber are lined with oil-resistant rubber. The current trans- 



Fig. 216 Bushing-type cur- Fig 217 . Accessory for lifting of cur- 

rent transformer: rent transformer: 

/—wedge; 2 —leads /—current transformer; 2 — plate; lift 

Ing ring; /—shoe 


formers are lifted by a truck crane and the lifting accessory show 

in big. 217. The current transformer is secured in place with woode 

wedges, and its leads are given servings of herringbone or laffet 
tape. 

The current transformers are followed by the bushings (Fig *> 1? 
which are also first inspected for broken porcelain, cemented* joint 

The bushings should also be subjected to an electrical test and h 
dned out if the results prove unsatisfactory. For lifting a bush in 

vS*2l£$E$$ T V he i h ° 0k . 0f • crane t shown i 
tig. 218ft. When lifting, the bushing should be inclined from the voi 

tical by means of block and tackle 3 as it will be mounted on th 

breaker cover, i.e., through about 15 degrees. The bushing should h 

; h h : 
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In mounting a bushing, care must be taken nnf , 

tank lining with the lower porcelain shell. Should the shelUouch 
he top shee of the tank lining, the latter should be trimmed so as 

sheH.ave a Clearance »' 20 between it and [Le poredain 

The bushing is next tentatively tilted by loosening the nuts on one 
side and tightening them on the other side. The tilt is finally ad 

dreuit "breaker 1151 ^ 18 li S htened du «ng the final adjustment of the 

olr T?’ l he breather ' tu ^ e hole is closed with a screw and washer 
Once the bushing is put in place, the screw must be removed and re¬ 
placed by the breather tube with its 
end pointing downward. 

The thread on the lower end 
of the bushing conductor must be 
thoroughly cleaned of dirt and 
oxide. It is considered best to use a 



Tie running ena 
of tackle rope 
to hook when 
lifting 
<4 



Tie with 
ahemprop 
before tifti 


(a) 

Fig. 218. Terminal bushing and arrangement of lifting 

tackle: 

. ■. a 77 tcr p*[nal bushing; 6— lifting tackle arrangement: 

1 —breather tube; 2— clamp; 3 —block and tackle; /—clamp eye; 
5—sling rope; 6—hook; 7 —lifting ring; 8 —holder 


special chaser die for this purpose. As a result, a low contact re¬ 
sistance will he obtained between the rod 7 of the hushing 9 (see 
Fig. 207) and the contact sleeve 22 (see Fig. 208), to which the holder 
20 of the arc-control assembly is attached. 
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The bushings are followed by the arc-control chambers which 
should first be subjected to thorough inspection. For this, the bolls 
3 are removed (see Fig. 208), shields 15 slipped off, screws 14 un¬ 
screwed, and the contact assembly removed for examination. If dust 
is detected inside the chamber, it should be blown out with com¬ 
pressed air or removed with a clean dry rag. Minor defects on the insu¬ 
lating parts may be remedied by cleaning 
and subsequent coating with oil varnish. 

When the rod element moves in the 
chamber, the movable copper flexible 
leads 2 should follow with ease. 

Full travel of the moving system of 
the arc-control chamber should be any¬ 
where between 83 and 85 mm, and that of 
the contacts, between 8 and 10 mm. 

To inspect the shunting resistors 24, 
first the contact leads are disconnected 
and the end covers of the protective case 
are removed. Then the inner cylinder 
carrying the resistance coil is taken out 
and examined for breaks, shorted turns, 

and reliable contact at the connections. Fig . 219 checking contacts 

onorted turns must be separated and in one arc-control chamber 
spaced about 0.8 mm apart. The shunt for simultaneous closing and 
is then assembled and checked for its opening 

resistance, which should be 750 to 770 



ohms. This measurement is taken with direct current. 

Now the contact assemblies and shunts are put back in place, 

following which the travel of the moving contacts is measured and 

the contacts are adjusted for simultaneous closing and opening 
within each pole. ° 

The instant of contact closure is checked by use of the circuit 
arrangement given in Fig. 219, which takes into account the fact 
that this apparatus has a double-break arc-control system. 

Y\V ampS ,n th .® te f l circuit * on lighting simultaneously, indicate 
that the contacts in the arc-control chambers close and open simul- 
taneously The make tolerance is 1 mm, and excessive discrepancy 

contact " 2 V JUSlil * the le "« th of “»««»• »«ving 

a n^ ft ft r the ad i ustment l L he candle-moving contact on the cross-arms 
Q JI® cross ' a I? s on the lift rods are drilled and locked with nuts 
and set screws. The clearance between the upper part of the lift rod 
head and the limit stop should be 4 to 5 mm (see Fig 211) 

inaVLoh* b ° 15 ? n th r bushing flanges can be Anally tightened, giv¬ 
ing each a quarter of a turn at a time. When the pressure oi the 
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gasket compresses it to 50 to 60 per cent of 
its original thickness, the tightening of the 
bolts should be stopped. 

Before the circuit breaker is filled with 
oil, a closing operation is performed after 
which all the bolted and screwed joints 
should be checked. All loose joints should 
be tightened, locked with nuts, etc. Fol¬ 
lowing this, all the rubbing parts are 
lubricated. Special commissioning crews 
then check the operating mechanism aux¬ 
iliary switch contacts and the speed of 
breaker closing. 

The circuit breakers are put into service 
after a series of trial closings. 

A general view of an installed MKIl-llO 
oil circuit breaker is shown in Fig. 221. 

Problem. Write up an operation sequence for 
mounting an MKI1-110 oil circuit breaker. 


Fig. 220. Insulating lift rod and the moving 

contacts: 

I— moving contact; 2— cross-arm; 3— nut; i —insulating rod 



Fig. 221. View of an installed MKfl-110 oil circuit breaker 





33. Mounting of a BBH-110 Air-blast Circuit Breaker 


The BBH-110 is an air-blast circuit breaker of the 110-kv class, 
intended for outdoor installation. 

The ■ main installation dimensions of this circuit breaker are 
given in Fig. 222; Fig. 223 shows a cross section through one of its 
phases. This circuit breaker weighs 7,090 kg. 

BBH-110 circuit breakers are shipped assembled, with each phase 
assembly packed in a wooden crate, the only exception being the arc 
interrupter units, which are shipped separately packed. 

After the boxes and crates are unpacked, the circuit breaker is 
checked for broken porcelain and missing parts. 

In the absence of damage and with all parts on hand, the circuit 
breaker may be lifted onto its foundation by a truck crane (Figs 224 
and 225) and given a take-down inspection. 

Take-down inspection before installation. With the aid of a crane, 
first the support column 4 (see Fig. 223) is dismantled, taking care 
not to injure the porcelain air pipes 5 and 6. After unscrewing the 
studs, the air pipes are pulled out and inspected for possible dam¬ 
age. 

Following this, the truck-mounted control cabinet 3 is inspected, 
for which purpose the front, back and top cover plates are removed. 
Here the porcelain terminal blocks are checked for possible breakage 
and the reliability of the wiring connections. 

The covers 21 are removed from the air receivers 1 and the latter 
are inspected on the inside. What traces of rust may be detected must 
be cleaned with a steel-wire brush, the receiver wiped with a clean 
dry rag, and the cleaned spots coated with a mixture of red lead 
paint and linseed oil. 

The support insulator stack carrying the stationary contact or 
clip 18 is now inspected for broken porcelain and surface defects on 
the contact. 


The arc interrupter unit (Fig. 226) is checked for broken porcelain, 
after which the nuts holding the unit together are unscrewed in order 
to inspect the internal parts (Fig. 227). 

Next the front, back and side panels of the distributor cabinet 
(see *ig. 222) are removed and the contact thermometers, porcelain 
terminal blocks and the lead connections are checked. 

comKt e , m f , y n° f the ® irc / lit br eaker. A very important point in the as¬ 
sembly of the circuit breaker is to make the joints as impervious to 
moisture jis possibk. The assembly procedure is described below. 

levpll^hv " m ° Unte f d a , sserr ! bl y s , et U P on the foundation should be 

thelunnm^ “ ea f,° f a l $ we *> and the base Plate which is to receive 

£ clK t l ° r r d - th 5 S6a u 0f the main blast valve 2 should 
ne cleaned of dirt and wiped with a clean rag. 
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Not less than 2000 , Not less than 2000 



Fig. 222 . Installation drawing of a BBH-110 air-blast circuit breaker 












,-rLH 3 : , Cr .° SS SCCti ° n ° f ° ne pbase of a BBH-110 air-blast circuit breaker 
i-opening «ilr pipc^-^closlng air pipe* 7—sSppo7t C flaE S ab ' net; su, 'P° rt Insulator; 

eratlng: rac:hanlsm; ii-statlonary contact oM^iator « b ! ad ? ; '^-Isolator o;>. 

20 —stationary-contact Insulator sta£ 











tig. 226. Preparing an interrupter unit 
for inspection 



fig. 227. Inspection of an interrupter unit 
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The opening air pipe 5 (see Fig. 223) is then installed, for which 
purpose twelve studs should be screwed into the baseplate a gasket 
put on a thrust sleeve set on it, and a rubber ring inserted fn the 
sleeve. A flange is then placed on the ring, and the-air pipe, wiped 
clean with a rag wetted with alcohol, is attached. The air pipe is 
secured by studs, nuts, and spring washers. 

The closing air pipe 6 is installed in the same manner. 

After the air pipes are put in place, a gasket and a spacer ring are 
placed on the truck baseplate, and studs wrapped in tow coated with 
a mixture of minium and drying oil are screwed in it. 

As the spacer rings are carefully matched at the manufacturer’s 

''ork-" t° the height of the support column, care must be taken not to 
interchange them. 

The support insulator 4 is then wiped with a clean rag moistened 
in petrol; packing rings and collars are slipped over the bot tom shoul¬ 
der of the insulator (the ends of the insulator should have their gas¬ 
kets already cemented in place); the insulator is now tied with a 
hemp lifting rope under the upper skirt, lifted with a crane, and 
put into position on the baseplate. 

When the support insulator is thus handled, it should be held in a 
vertical position, or the porcelain air pipes may be damaged. 
When the insulator is being lowered, a worker should stand on the 
breaker truck to ensure that the load is lowered plumb. 

After the support insulator is placed on the baseplate, it must be 
secured with extreme care, as the slightest misalignment may lead to 
breakage of the insulator. For this reason, the nuts on the fixing 
bolts are first run down by hand and then tightened with a spanner, 
giving each nut a quarter of a turn at a time. 

1 hen an adapter plate (omitted in the sectional view) is mounted 
on top of the support insulator. 

With the support insulator mounted as described, the operating 
mechanism 17 of the isolator blade is attached to the support insula¬ 
tor by means of rings, studs and nuts, taking as much care as in 
setting up the support insulator on the truck baseplate. The nuts 
securing the operating mechanism should be finally tightened after 
the isolator blade has been aligned with the stationary contact 18. 

For this purpose t he stationary contact is unbolted and brought into 
alignment with the isolator blade until the blade enters the contact 
precisely in the centre. After this, the stationary contact and the 


isolator operating mechanism may be finally secured in place. 

Prior to mounting an interrupter unit, it should bo taken apart, 
the porcelain surfaces and all the accessible parts should be wiped 
clean, and the rubbing surfaces of the contacts should be given a 
thin coat of special grease (IJIIATIIM-201 or rOII-G4). After this 
the units may be re-assembled. 
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The re-assembled units are set up on the support insulator and 
secured in place with bolts, taking care not to damage the porce¬ 
lain. 

The interrupter units should be so mounted that the vent ports 
are at right angles to the axis of the isolator blade and one of them on 
the middle flange looks in the direction of the blade. 

After the interrupter units are mounted, the hoods are put on the 
flanges of the support insulator and the interrupter units. 

The distributor cabinet is then mounted on a prepared foundation 
and secured to it with M12 bolts. 


Checking of the breaker mechanism for operation. This check is 
carried out after the circuit breaker has been fully installed. 

To check the operation of the operating mechanism, the spring 
which locks it is removed, and, by pushing the piston by hand, tho 
isolator blade is raised to its uppermost position and is forcefully 
brought down into the stationary contact. The isolator blade should 
enter the contact jaws softly, so that the lower edge of the blade does 
not stick out of the jaws. This check should be repeated three or 
four times. 

Now the oil dash pot (not shown in the figure) is filled with oil 
through the oil gauge opening on the side of the dashpot until it 
appears in the other (side) opening. The isolator blade is raised and 
lowered several times to force the air out of the dashpot cylinders, 
and more oil is added until the cylinders are completely filled. The 
oil-gauge hole may now be plugged, and another 150 to 200 grams 

plugged afteiwardf UPP<!r ' ,<>le ' WhiC ‘ l ffiUSt likewiso bo “S h “y 


Operation of the interlock contacts is next checked. For this tho 
of th . e c . on trol cabinet is removed and the moving system 

Place withIT"! T S H baCk and ,0rlh ' This ^'ould tak“ 

place without any binding or interference. 

wSSSS SsS‘ 

FiJ h 2oo? V «ml 21 ° f the receivers 1 are t^n put in place (seo 

cZTlTLtfer%air e inju U ry der “ WfflTftSS 


8 * 
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tho isolator blade properly. When the isolator is closed, the actu¬ 
ating mechanism of the interlock contacts should be positioned so 
that its lever and spring faces the man doing the checking. 



Fig 228 General view of installed BBH-ltO air-blast 

circuit breakers 

A general view of BBH-110 breakers installed in an outdoor sub¬ 
station is given in Fig. 228. 

Problem. Write up an operation sequence for mounting a BBH-110 breaker 
on a concrete foundation according to Figs 224, 225 


34. Mounting of T<DH Instrument Current Transformers 

Outdoor substations employ TOH current transformers.^ The 
letters in the type designation indicate: “porcelain-insulated”, for 
outdoor installation. 


212 
















The mounting dimensions of these current transformers are given 
in Table 23 and Fig. 229. 

Table 23 


Principal Dimensions and Weight of Outdoor Current Transformers 


Type designation 

w 

> > 

T3-* 
ZJ . 

II, 

Dimension, mm (Fig. 229) 

l\Vcig 

lit, ki; 

A 

B 

c 

D 

E 

/ 

F 

C 

n 

* m 

S 

'3 

Td>H and TtbHV 

10 

880 

480 

440 

480 

440 

705 



145 

220 

35 

T<I>H and TOHY 

35 

1.085 

534 

498 

520 

488 

890 



300 

270 

45 

T<DH 

110 

2,000 

850 

655 

920 

790 

1,770 

200 

72 

950 

700 

200 


These current transformers are shipped in wooden boxes fully assent- 
bled, but with their arcing horns detached and tied to the base 




Fig. 229. T<DH-110 current transformer: 

terminal:^?—oir^eve? '-cover, a-busbar 
«—earthing boU; 

the CUrrent transformer stand upright to within 


213 






dry cloth. At the same time it is examined for broken porcelain 
missing parts and nameplate, and for oil level Porcelain, 

At an ambient temperature of +20°C the oii should be level with 
1 , red mark on the oil gauge. For other ambient temperatures the 
oil level should be as advised in Table. 24. ’ 6 


Table 24 

Oil Level for Different Ambient Temperatures 


Ambient 

temperature 

°C 

Distance, In mm, from point K (Fig. 229) 
on transformer head to oil level, for 
voltage ratings as below: 

10 kv 

35 kv 

no kv 

0 

125 

135 

200 

—20 

143 

150 

240 

—40 

165 

165 

280 


the oil gauge fails to show the oil level it must be checked as 
follows; remove the bar 5 connecting the surge diverter 3 with the 
terminal and unscrew the bolts which secure the cover 4\ remove the 
cover, and dip through one of the openings in the transformer head a 
hi ass stick of about fi mm in diameter, wiped with a clean rag moist¬ 
ened in petrol. The length of dip-sticks and the depths to which they 
may be lowered in different current transformers are listed in Table 25. 


Table 25 

Lengths of Brass Dip-stirks and Depths to 
Which They May Be Lowered in Current 
Transformers of Different Voltage Rating 


Type of current 
transformer 

Rated 

voltage. 

kv 

Length of 
dip-stick, 
mm 

Depth to 
which dip. 
stick Is low¬ 
ered below 
point K, mm 

TOII and TOHY 

10 

375 

125 

TOM and TOHY 

35 

475 

170 

TOM and TOHY 

110 

600 

500 


In order to avoid dropping the dip-stick inside the current trans¬ 
former, the dip-stick must be attached by a string to the transformer 
head. If, after removal, no traces of oil are found on the dip-stick, 
it is a sign of an impermissibly low oil level. The current transformer 
must then be dried out under vacuum, filled with oil and tested 
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under voltage. All the above operations must be performed under 
workshop conditions. 

If the dip-stick shows traces of oil as much oil may be added as 
necessary to bring up the oil level to the required mark. Before 



hg 230 Lifting of a current transformer o n 
us metal support structure 


si" . ™be remfvedS til; f, ,he c “"d™sa.o 

The Oil used for ! ° Ug 1 1 ' th# openil '« »• 

and have a breakdown voltage of not lest than'ls kt^nd 3 ” 11 UnUSei !' 
mg point of not lower than — 45°G n, lr 1 n „ 5 k a " d a con geal- 
ures should be taken to shut rin S th ,s operation all meas- 

transformer. oisture and dust out of the current 
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W hen the oil is brought up to the proper level, the cover 4 of the 
transformer head (complete with its gasket) and also the bar 5 may be 
put back in place. Following this, the gasketed joints are inspected 
to see that there is no oil leakage between the base and insulator, the 
insulator and head, the head and oil gauge cover, and also at the 
oil drain fitting 10. If oil leakage is detected, the bolts at leaking 
joints should be very carefully tightened, giving each bolt not more 
than 1 1S of a turn at a time. 

Simultaneously, the primary terminals and their threads are 
examined. The nuts should be free to run on the threaded rods when 
turned by hand. 

When a damaged insulator is discovered or when the leaking of 
the oil at a gasket cannot be stopped, the current transformer must 
be sent back to the factory for re-assembly. 

A current transformer is lifted into its permanent position by a 
truck crane (Fig. 230). The wire-rope slings are attached to the four 
eye-bolts on the base. It is good practice to wrap hemp rope 40 to 
50 mm in diameter around the upper fins of the insulator to avoid 
any damage to the porcelain by the slings. 

In most cases T0H current transformers are installed on metal 
or reinforced concrete supports. 

Current transformers for 10 to 35 kv are fixed to their supports by 
means of M18 to M20 bolts. Transformers for 110 kv and higher are 
wheel-mounted and held in place by limit stops. 

The arcing horns removed for transportation are then put back in 
place. The base of the current transformer must be earthed. For 
this purpose, the earthing lead bus is fastened to the bolt marked “3” 
(“3” for “earth”). 

Before a current transformer may be connected to the buses or 
cables, all its contacts must be cleaned of oxide and dirt. 

A general view of TOH-110 instrument current transformers mount¬ 
ed in a 110-kv outdoor substation may be seen in Fig. 231. 

Problem. Write up the sequence of operations for mounting three T<I»Il-110 
transformers in a substation as shown in Fig. 231. 


35. Mounting of HOM-35 and HK<D-110 Instrument Voltage 
• Transformers 

Voltage transformers HOM-35 (single-phase 35-kv type) and 
HKO-110 (110-kv, porcelain-insulated, cascaded type) are 

designed for use in outdoor substations with the corresponding 
working voltages. 

Tho installation dimensions of these voltage transformers are 
given in Figs 232 and 233. The HOM-35 voltage transformer weighs 
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248 kg, including 75 kg of oil. The HK<f>-110 voltage transformer 
weighs 315 kg. 

Prior to mounting in an outdoor substation, voltage transformers 
should he inspected externally and internally, for which purpose 
their core and winding assemblies are lifted out. The procedure 



Fig. 231. A series of T<I>H-110 current transform¬ 
ers installed on metal support structures 


of the electrical tests is, in the main, the same as for indoor voltage 
transformers (see Sec. 18). ° 

HOM-35 voltage transformers are mounted on metal or reinforced 
concrete supports and secured to them by M16 bolts. HKO-110 
voltage transformers are mounted on similar supports but use M20 
bolts. They are lifted into position by a truck crane, using the 
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eye-bolts provided on the cover (or base} nf ih* » r 

lifting hooks welded to the tank 1 transformer, or the 

“ wSt. •sars’csisa - 


# 





Fig. 232. HOM-35 
voltage transform- 
er: 

i— high-voltage ter¬ 
minal; 2 —low-voltage 
terminal; 3—oil con¬ 
servator; /—tank; $— 
oil drain cock 



600 



Fig. 233. HKO-llO 
voltage transform¬ 
er: 

i—terminal for con¬ 
nection to high volt¬ 
age; 2 — porcelain 
body; 3 —low-voltage 
winding terminals; 
/—rollers 


I'igs 234 and 235 show how HOM-35 and HKO-110 voltage trans¬ 
formers are mounted in outdoor substations. 


36. Mounting of Reactors and Lightning Arresters 

Mounting of reactors. Current practice is to install cast-in-concrete 
reactors in outdoor substations housed in brickwork or concrete 
kiosks where the installation procedure in no way differs from that 
carried out in indoor substations. 

Mounting of lightning arresters. Outdoor substations for 35 to 
110 kv employ PBII-35 valve-type substation lightning arresters, 
and PBC-110 valve-type main station lightning arresters. Their 
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Fig. 234. MOM-35 voltage transformers installed on hig 23- r , IIKd»-110 voltage transformers installed on 

a metal support structure in an outdoor substation a metal support structure in an outdoor substation 









installation dimensionsaregiven inFigs236and237.ThePBn-351ighf 
ntng arrester weighs 76 kg, and the PBC-110 lightning arrester 230^ 


016 



MW thread 


1250 


Guy insulator 



0=1535 


Fig. 230. PBn-35 
valve-type lightning 
arrester: 


Fig. 237. PBC valve-type lightning arrester 


n _generai view: /-ter- Initial inspection for these lightning ar- 
niinni for connection of resters is practically the same as for indoor 

shielding ring; j-porce- substation lightning arresters (see Sec. 21). 

S&&? 1 i-TSS'.Both PBC-110 and PBn-35 lightning ar- 

resters are mounted in fundamentally the 
same way. 

To begin with, the support is plumbed and levelled. Then the ar¬ 
rester elements are matched according to their markings on the flanges 
(1-1, 2-2, 3-3), their contact surfaces are cleaned, the elements are 
assembled into stacks which are then checked for verticality, and any 
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misalignment is remedied by inserting steel shims. The joints at 
the flanges are given a coaling of bakelite or glyptal varnish. 

When setting up a lightning arrester, extreme care must he exer¬ 
cised in tightening the bolts on the joints between the separate 
elements, giving each nut no more than a quarter of a turn at a time 
round the circle. Nonuniform tightening of the bolts may crack or 
break the porcelain. 
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Fig. 


238. General view of a lightning arrester bay in an outdoor llu-kv 

substation 


The bolts should have spring washers to take up the stresses creat¬ 
ed by the tightening. 

After a stack has been assembled, the joints are given another two 
or ~, ree coa li n g s of moisture-proof varnish for air-tightness. 

The earthing buses of each phase should be connected to tho earth¬ 
ing system over the shortest possible route in order to keep their 

total resistance to a minimum and so as to prevent mechanical 
stresses from being set up in the arrester contacts. 

A general view of a lightning arrester bay in an outdoor substation 
is shown in Fig. 238. 

tv do^P RcTln V nL l |?i “ P an °P. era,ion ^quence card for mounting a statiou- 
i>po HBG-110 lightning arrester on a concrete foundation. 
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3/. Installation of Outdoor Buses 

The bus systems of outdoor switchgear are mainly made from alu¬ 
minium aluminium steel-cored, and, in some cases, steel cables 
carried by strings of suspension insulators. 

Some of the data on these cables are listed in Table 26 below. 


Table 26 

Bare Aluminium and Stcel-eored Aluminium Cables 

for Outdoor Substations 


Nominal 

Wires per c 

:able 

_ 



cross-sectional 
area of alumi¬ 
nium. sq mm 

Aluminium 

Steel 

Weight of 
cable, kg per 
km 

Normal 
shipping 
length, in 


Aluminium, Grade A 


51) 

70 

95 

120 

150 

185 


7 

— 

135 

7 

— 

188 

7 

— 

256 

19 

— 

323 

19 

— 

401 

19 

— 

496 


Sleel-cored aluminium, Grade AC 


50 

6 

7 

193 

70 

6 

7 

296 

95 

28 

7 

386 

120 

28 

7 

504 

150 

28 

7 

623 

185 

28 

7 

781 

240 

28 

7 

995 

300 

28 

7 . 

| 1.258 


Stcel-cored 

aluminium, 

Grade ACV 

120 

30 

7 

540 

150 

30 

7 

679 

185 

30 

7 

843 

240 

30 

7 

1.093 

;oj 

30 

19 

1,369 


3.500 

2.500 
1,750 

1.500 
1,250 
1,000 


3,000 

2,000 

1.400 

1.400 

1,000 

800 

1,000 

800 


1,400 

1,000 

800 

1,000 

800 


Aole: The letters in the type designations of the cables stand for: 
A for “aluminium”, C -“steel-cored”, y — “extra-strong". 

The above types of cables are generally sold by weight. 

The types, main dimensions and weights of suspension insulators 
used in this work, are given in Table 27. 
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Table 27 


Main Dimensions and Weight of Several Types of Suspension Insulators 


Type of 
insulator 

Main dimensions, 
mm 

Unit weight, 
kg 

H 

D 

d 

n-3 

150 

245 

14 

4.8 

n-4.5 

170 

270 

16 

6.7 

n-6 

180 

300 

20 

8.5 

n-8.5 

203 

320 

22 

11.8 

n-ii 

215 

350 

24 

14.3 



Suspension insulators are assembled into strings to suit the work¬ 
ing voltage of the installation. Thus, a string for 35 kv will consist 
of two to three units, and for 110 kv, of six to eight units. 

Strings of insulators are strung with the aid of suitable links and 
clamps. An example of their use is shown in Fig. 239. 



Fig. 239. Tension insulator string: 


/-shackle for securing to I-lnsnlator; v-socket-oyo 

lilting, 5—bolted damp biting 


»u^£ f0re a . , str ! ng of insulators is assembled, the insulators must 
he thoroughly inspected and cleaned. If the porcelain is found to be 

»fa f 7 o lTn lavachl .PP e, J s P° ts > scratches on the glazing, cracks, un- 
glazed spots), the insulator must be discarded 

from e w^iih d t h triDgS 0f i ? sulat0rs are then laid out at the supports 
lrom which they are to be suspended. 

Installation of a bus system consists in the following. 
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After suspension insulator strings are assembled and taken to 

il HfipH w’-ti 16 bUS CaL f iS I Un ° Ut ’ f ° r Which P ur P° se the cab >e drum 
In m Th ‘ SCr T J * cks ,P laced under a s pindle passed through the 
• Th,s can a,so be done 011 support horses. In some cases the 

vertical-stand**reels? 0 * S ^ 0356 th * ^ b * —i.edt 

Cables should he cut to lengths which keep the number of splices 
to a minimum, as a splice is a weak point in a bus system. P 



0 a) 



Fig. 240. Dus arrangement in an outdoor substation: 
a—Incorrect; b— correct 


Fig. 240 gives examples of the correct and incorrect ways of con¬ 
necting up a bus system. In Fig. 240a the run from the circuit break¬ 
er CD to the isolator 1 has five series-connected clamps (three for 
tees and two for the apparatus), while in Fig. 2406, there are only 
two apparatus clamps. The circuit breaker and the isolator in the 
latter case are connected by a single length of cable. 

After running out, the end of the cable is secured in the clamp of 
the outer support. The lengths of the cable on either side of the clamp 
should be left in conformity with the erection drawings and with the 
scheme of connection adopted. 

The cable end, at the point where it is to be fixed in the clamp, 
should first be served with a strip (1 mm by 30 mm) of the same met¬ 
al as the outer strands of the cable. This precaution is necessary in 
order to avoid injury to the wires of the cable. 
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Fig. 241. Lifting of an 
insulator string with 
conductor attached: 

/—conductor; 2— Insula¬ 
tor string; J- tackle block; 
/—rope; 3 — line support 



Fig. 242. Securing of insulator string to a 

line support: 

a—to wood pole support; b —to metal tower support: 
/—wooden cross-arm; 2—welded eye bolt; 3 —shackle; 
/—shaped bracket; 5 ~metal tower member 




to) Section 


Fig. 243. Stringing clamps: 

a dlc-plate type; 6-wedge-typc: /-conductor; 2-bolts; j-body 
and cover plate; /-under plate; J-wedge 7 







/ 



fig. 244 . Substation contact clamps: 
a—bolted-typc; b— compression-jointing type 



(b) Transformer terminal 

Fig. 245. Use of steel tension rods in dropping con- Fig. 246. Examples of 

ductors for connection to apparatus: outdoor bus connections 

a—connection of tension rod to an Insulator string and a to apparatus 

conductor clamp. 6—a tec off arrangement for connection 

to a unit of apparatus: 

i—Insulator string; 2 —steel rod; J—tension clamp; 

tec-off clamp 













The cable and the clamp together are attached to an insulator 
string, and the whole assembly is lifted onto the support by means 
of a rope and block attached to the cross-arm. This is shown diagram¬ 
matical]}' in Fig. 241, while Fig. 242 shows how an insulator string 
can he attached to a support. 

The cable is now strung to the second support by block and tackle 
or a winch over snatch block (see Fig. 277) attached to the support 



cross-arm. The cable is fastened to the tackle or the winch with 
a wedge or dieplate type of comealong clamp (Fig. 243). 

I he cable must be tensioned as specified in the design drawings 
Hus may be determined with the aid of a dynamometer placed be¬ 
tween the cable and the tackle or winch. In practice, however the 
tension is determined from the sag of the cable (see Fi<r. 285) 

The tensioned cable is marked with a binding of s°oft wire where 
the insulator string is to be attached to the support, the cable low¬ 
ered to the ground for the length of the string to be laid off from the 
wire mark, a tension clamp attached at this point, and the insulator 

, a K 116 b ° tl0m t0 lhe c,am P- The ^ady assembly is 
then lifted to the support cross-arm with block and tackle. 

* . ot ,. iw .°. p,lase conductors are strung in the same way. Their 
sag is adjusted by parallelling them with the first phase conductor. 
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Ihe drop leads to the apparatus are connected with boiled-type 
clamps (Fig. 244a), using telescopic derricks, after the main bus 
conductors have been strung. 

Where compression joints or clamps are used (Fig. 2446), the tec- 
off> are marked out and installed before the main bus is strung. 

In some cases, the relative position of the apparatus and supports 
necessitates the use of special steel rods by means of which insula¬ 
tor strings can be spaced most conveniently for dropping a tap-off 
connection (Fig. 245). 

lee-offs are connected to the apparatus with special bolted-type or 
compression joints.* Examples of outdoor bus connections to appa¬ 
ratus are shown in Figs 240 and 247. 

Problem. Describe the assembly of insulator strings for the bus system of a 
110-kv substation. 



• The use of compression-type clamps is discussed inSec. 54. 



CHAPTER 5 

INSTALLATION OF POWER TRANSFORMERS 


38. Delivery of Transformers to the Site 


Low-power transformers are shipped to their sites complelely 
assembled, medium-power transformers either completely assembled 
or with some of the parts dismantled (conservators, vent pipes, etc.) 
and packed in boxes. 

High-power transformers and all transformers from 110 kv upwards 
are, as a rule, shipped partly dismantled, with their radiators, high- 
voltage bushings, oil conservators, vent pipes, and air blast system 
separately packed. 

Low- and medium-power transformers are taken to their sites on 
trucks, while high-power transformers are transported on railway 
flatcars. J 


The simplest and most convenient way to unload transformers 

is by cranes. The truck or railway flatcar carrying a transformer is 

dnven under a crane, all the bracings, stop blocks and wire guys 

used to secure the transformer in transit removed, the lifting slings 

attached, and the unit lifted and moved onto a specially prepared 
unloading platform. -'ll 

When the truck or railway flatcar can be run right up to an unload¬ 
ing platform haying the same elevation as the floor of the truck or 
flatcar, the transformer can be unloaded by the use of a winch and 

h , Dlac 0 ed e on^^ er k t e h n °f r elev ? lions are <^rent, the transformer 
by P irampTro b ns° Ckmg bUI 1 ° P ° f railway slee P ers and held together 

W her e a transformer is moved with the use of a winch and wire 

Em e ‘ h er n J. or sleel Strips must bo laid under its wheels, 
brom the blocking a transformer is brought down a ramp built 

Um ? rS 3nd b .° ards - The most convenient method 
is when a transformer rides a rail track on its own wheels 

in Ffg n 24 a 8. Vi ° W ° f “ 40 - 5 - M ' ,a . HO-kv power transformer is shown 
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Fig. 248. A 110-kv, 40,500 kva 
power transformer in process of 
installation 


39. Mounting of Transformer Parts 

The radiators. Before mounting a transformer radiator on the 
transformer tank, it should be pressure-tested and flushed. 

A pressure test is necessary in order to make sure that the radia¬ 
tor tubes have not suffered damage. This pressure is usually built 
up by a column of oil poured into a pipe attached to one of the 
flanges of the radiator (Fig. 249 a). 

The height of the oil column is made equal to the distance from the 
lowest point at which the radiator is attached to the transformer tank 
to the top of the oil conservator, plus 0.5 metre. Defects in radiators 
detected during the test are remedied on site by electric welding. 

Radiators are flushed with clean and dry transformer oil as shown 
in Fig. 2496. The radiator is made to communicate with the atmos¬ 
phere in order to exclude any possibility of considerable pressure 
building up inside the radiator. 

The first step in the mounting proper is a check to see that the 
radiator cocks on the transformer tank are fully shut. After this, 
the blind flanges sealing the outlets to which the radiators are to bo 
•attached are removed and their flanges thoroughly cleaned. 
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Fig. 249. Method of testing radiators under a head of oil 
(a), and (lushing a radiator with oil (6): 

1 —pump; 2 —filter press 

caI h b B r Sd r t C o ar :r W be suspe " ded from a hook and its lower flange 
can be bolted to the corresponding cock flange. A gasket of oil-re- 

eMhanJi! V*?* an inside diameter^omlhat lar'- 

Tho h „ni h r V I he C0C , k 0UtI . et must be inse rted between the flange! 
pp r ra(1 iator and mating cock flanges are then joined in the 

SS tightened " d lhe b ° US °' b ° th the a " d 

enTt h s e t n ank l t r o a o S s 5Z e /h haS n ° r \ diat ° rCOcks ’ one of the access covers 
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The oil is next drained to below the lower radiator flanges the 
radiators are mounted on the transformer tank, and oil immediately 
poured in the transformer level with the upper yoke y 

Should T) 0X n fr T ilS paCking b0X ’ ever y terminal bushing 

should be cleaned of all packing material and dirt, wiped with a ra» 

moistened with petrol and with a rag moistened with transformer oif 

During visual inspection, the bushing is checked for the oil level’ 

and for broken porcelain and glass parts. 

If as much as 10 per cent of the oil has leaked out of the bushin* 

t should be replenished before mounting on the transformer. A 110-kv 

bushing takes 60 litres. The oil is poured through an inlet in the upper 

cap until its level is about 20 to 30 mm above the middle of the oil- 
gauge glass. 

When more than 10 per cent of the oil has been lost, the manufac- 
turer must be informed of the fact. 

Before the bushings are mounted, the oil level in the transformer 
lank must be brought down to 100 mm above the upper yoke (with¬ 
out however, exposing the yoke insulation) by opening the radiator 
cocks to admit some of the oil into the radiators. If after this the oil 

level has not dropped by the necessary amount, the excess oil must 
be drained. 

Next the blind flanges used for transportation are removed from 
the openings where the bushings are to be mounted, new oil-resistant 
rubber gaskets are put in place, and welded adapter collars are mount¬ 
ed on them (Fig. 250). The adapter flanges are secured to the trans¬ 
former cover by bolts which should be uniformly tightened one after 
another round the bolt circle until the rubber gasket is reduced to 
half its original thickness. Similar gaskets are also placed on the 
upper surfaces of the adapter flanges. 

Each bushing is lifted by its lifting eye-bolts on its base flange, 
slowly lowered into the adapter flange until seated on the rubber 
gasket, and secured to the adapter flange by uniformly tightening the 
nuts round the bolt circle. 

The top terminal cap is now removed from the mounted bushing, 
a length of wire (or rope) is passed through the central tube, the con¬ 
tact stud soldered to the end of the cable lead is then tied to the wire 
and pulled up through the central tube. The stud is then fixed in 
place with a steel pin, the top terminal cap screwed back on, and the 
lifting eye-bolts removed. 

The next operation is to examine, clean and mount the low-volt¬ 
age bushings. They should be mounted on oil-resistant rubber gas¬ 
kets in the same manner as the high-voltage bushings. 

The drop leads are then connected to the respective bushings. 
In doing this, the lock-nuts, nuts and washers are removed from the 
terminal studs in order to slip cushioning pads on each of the studs. 
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Following this, the washers are put hack in place and the nuts and 
lock-nuts screwed down. 

The oil conservator and the Buchholz relay. First the remaining oil 
should he drained at the plug 6 in the sludge sump 5 (Fig. 251), the 
conservator flushed with dry clean transformer oil, and the oil gauge 
glass and the connection-pipe cock mounted in place. The con¬ 
servator may be placed for the time being on two brackets secured 
to the tank cover. 

Now the elbow is removed from the pipe connecting the tank and 
the oil conservator, and the Buchholz relay is mounted instead, on 
asbestos-rubber gaskets coated with glyptal or bakelite varnish, tak¬ 
ing care to position the sight glass of the relay properly. The posi¬ 
tion of the relay must be checked with a level. After this, the paper 
pads inserted for transit are removed from under the floats in the relay 
and the floats are arranged so that the arrow on the cover of the assem¬ 
bly points in the direction of oil flow to the oil conservator. It should 
be borne in mind that the sealed connections of the relay should not 
be taken apart, for they have been factory-tested for oil tightness. 

For easy passage of the gases beneath the transformer cover to 
the Buchholz relay, the transformer must be slightly raised (about 
10 mm) at the side where the oil pipe is connected to the conservator. 
The oil pipe should, in turn, have a slope of not less than 2 per cent. 
A further requirement is that the oil pipe should not have any bends, 
pockets and reversed slope which would trap gas bubbles. It is also 
necessary that the end of the oil pipe line should never be below 
the transformer cover. 

The conservator should be mounted so that the lowest possible 
oil level in it indicated by the oil gauge is somewhat above the upper 
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«* bi «*-^ ilTpuSd* 

^S5=3=Ss 

nlL’ B installing the thermometers, the corresponding screw 

p P oc et^t~ ed I*" th f transf ? rmer cover and the thermometer 
pocket fitting screwed in place with the use of lead washers. 

former?^ l e o tWeen ^ therinonieter P°cket screwed into the trans- 

me^er is filled wUh “l. * merCUry “ COntact or ra ^cury-bulb thermo- 


4°. Filling of Transformer with Oil and Putting into Operation 

After a transformer has been installed, it is topped (filled) with oil. 

CM !S poured through the access hole which should afterwards bo 
closed and its cover bolted down and sealed with an oil-resistant rub¬ 
ber. Alternatively, oil can be poured through the 2-inch cock on the 
transformer cover without opening the access hole. The oil must have 
a dielectric strength of not less than 35 kv by a standard test and 
not differ more than 5 C in temperature from the oil already in the 
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transformer. When the oil rises to the tank cover, the remaining oil 
is poured through the oil conservator, with the cock communicating 
the conservator with the transformer tank opened only just enough 
to allow the oil to flow in a weak stream and thus avoid the ingress 
of excess air into the tank. 

In addition and before the final filling, the air-bleeder plugs should 
be unscrewed on all the oil-filled bushings in order to release the air. 
After the filling (judged by a stream of oil escaping from the air 
bleeder openings), they should be screwed in with lead washers 
placed under them. During the final filling of the transformer the air 
bleeder plugs on the vent pipe and the bushing adapter flanges should 
also be opened for escape of the air. The upper cock on the Buchholz 
relay should also be periodically opened until a stream of oil appears. 

Oil filling is discontinued when the oil has risen to 30 or 40 mm 
above the mark on the oil gauge of the conservator. 

It is desirable that the oil be run through a filter press or a 
centrifugal separator. 


The air blast fans are 
mounted concurrently with 
the above operations (Fig. 
252). 

As was stated above, the 
transformer should be 
slightly raised on the con¬ 
servator side for proper ope¬ 
ration of the Buchholz re¬ 
lay. For this purpose, steel 
plates are slipped under the 
corresponding wheels of the 
transformer truck. In cer¬ 
tain cases the necessary ang¬ 
le of slope is provided when 
the foundation is laid. 

When installing power 
transformers, utmost care 
must bo taken in handling 
tools and other loose arti¬ 
cles,since anything metallic 
dropped among the wind¬ 
ings and allowed to remain 
there may cause a break¬ 
down. 

After or during the instal¬ 
lation work, the small 
wiring circuits are run to 



Fig. 252. Power transformer during 
mounting of air blast fans 
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the Buchholz relay and the thermometers. If the transformer is 
installed indoors, the wiring may be laid in rigid metal conduit, 
using Grade IIP rubber-insulated copper-conductor wire. For outdoor 
transformers use is usually made of Grade CPT rubber-insulated lead- 
covered cable or Grade KCPr bare, rubber-insulated control cable 
also laid in rigid metal conduit. The smallest permissible size of 
wire or cable conductor for this purpose is 1.5 sq mm. 

When all the installation work has been completed and all safety 
checks performed, the transformer is prepared for placing into serv¬ 
ice. For this, the cocks between the conservator and tanks as well 
as the upper and lower radiator cocks are checked to make sure 
that they are open, a final sample of oil is taken for a dielectric 
strength test, and the insulation resistance of the windings is 
measured. 

When everything is in order, full voltage is applied to distribu¬ 
tion and substation transformers at once. In the case of large as well 
as station interconnection transformers, the voltage is raised, as 
a rule, gradually from zero to 130 per cent rated value with the 
generators so that the turn-to-turn insulation may be tested, or any 
trouble may be discovered before damage results. 

In both cases, a steady humming, without loud buzzing or crackl¬ 
ing, should be heard. 

After a transformer has been tested under the rated voltage, it 
should be left on at no-load for some time in order that attending 
personnel and the electricians can examine both the transformer and 
its connections. Then, the transformer is switched on and off at no- 
load several times to make sure that the differential relays do not 
respond to the inrush of the magnetising current. 

Following this, the transformer is connected on the secondary 
side to the load. When the voltage is first applied to a transformer, 
its relays should beset for instantaneous tripping. Before a transform¬ 
er may be connected for parallel operation, it is vital to make sure 
that its nameplate data (ratings, transformer ratio, winding connec¬ 
tion, phase rotation group, and impedance voltage) are identical 
with those of the transformers already in circuit. 

The incoming transformer should have its winding connected at 
the same taps as the operating transformer. This is done with the 
tap-changing gear with the transformer de-energised. 



CHAPTER 6 

INSTALLATION OF CONTROL CIRCUITS 

41. General 

Control and secondary circuits provide the means for control of 
the power or primary circuits, protection of the electrical equipment, 
measuring of the electrical quantities in the primary circuits, routine 
signalling and alarm functions, etc. 

Control boards, comprising units housing switches, relays, alarms 
and instruments are, as a rule, shipped to the site factory-assembled. 
What is left for the electricians is to mount them to the working draw¬ 
ings and connect them up with the primary and control equipment 
into an integral system. 

Control circuits are usually installed by specialised small-wiring 
crews. Nevertheless, the switchgear electrician in charge of primary 
circuit installation should also know the methods by which the con¬ 
trol circuits are installed. 


42. Installation of Control Boards 

After the separate panels of a control board have been received at 
the site, they must above all be checked by the installation crew for 
compliance with the working drawings as to their construction, the 
layout of the electrical equipment, the wiring connections, and the 
relative arrangement of the panels. The electrical equipment on each 
panel and on a control board as a whole must be such as specified in 
the circuit diagrams. 

The apparatus and instruments dismantled for transportation and 
shipped separately packed should be thoroughly inspected for miss¬ 
ing parts and possible damage. 

, i / lsulation t* 16 panel wiring should be intact. The wires 
should be run to the instruments, signal lamps, etc., without undue 
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tension to avoid mechanical stresses at the contacts. The wires and 
their fixing straps should be laid on insulating pads, and identification 
ags should be provided on both ends of each wire at the respective 
deuce and at the terminal block assembly. Each identification tae 
should h a \G a legible and indelible marking. ^ 

The insulation resistance of all the control wiring, within anv one 
main-connection set should be not less than one megohm. 

Hie surfaces of the panels should be smooth, undented, free of 
deep scratches and waviness, and all cut-outs for instruments should 
ha\t smooth edges free from burrs. The frontal surfaces of the panels 



Fig. 253. A way of fixing a control board panel: 

cmbe(,(, e<l frame of channels, or 
l>ent-channel shapes; 3 —concrete grouting layer 

4 —finished floor surface 


should lineup in a common plane and be given a priming coat and one 
finish coat of paint. 

A control board is assembled and set up in conformance with the 
working drawings which must be thoroughly studied in all details 
before any work is begun. 

The panels can be conveniently moved into the control room by a 
crane and through an opening left in a wall by the builders or through 
a window opening. Block and tackle or a hoist can be used when a 
crane is not available. 

Inside the control room the control boards may be moved into 
place over channel with a winch, or block and tackle. It is also pos¬ 
sible to move the hoard units on rollers. 

Control board panels are mounted on a supporting frame placed in 
advance by the builders to the drawing furnished by the electrical 
contractor and under the supervision of an experienced electrician. 

An example of a panel secured in place is given in Fig. 253. 

The middle panel should be set up first, working each way from it 
afterwards. The position of the panels on the supporting frame is 


checked with a string line, plumb-bob and level. Then the panels are 
joined together and tack-welded to the frame, each at least at four 
points. 

The supporting frame as a whole is earthed at not less than two 
points to the earthing system. 

All the instruments and devices removed for safety during trans¬ 
portation can now be mounted. To begin with, they must be care¬ 
fully inspected for broken seals and glass windows, for dents and 
other traces of damage on the cases. 



Fig. 254. Mounting and securing of instruments on con¬ 
trol board panels: 

n surface mounting; b and c—flush mounting: 1 —panel surface; 
2 —contact stud; J—fixing screw; * —face ring; .5—nut for securing 
face ring; c — nut used for securing instrument; 7 —thrust screw; 

&—strap clamp 


The instruments and other devices must be mounted to the work¬ 
ing drawings of the respective panels. Fig. 254 shows how some of 
the components of a control board are secured to a panel. 

A general view of the boiler house control board of a large electric 
power station is given in Fig. 255. 

In a number of instances the instruments, meters and relays are 
mounted on separate small-size boards set up directly in the switch- 
gear control aisles (see Fig. 256). 


43. Installation of Control Wiring 

O 

wiring™' Widng may be classed as P anel wiring and general control 

Panel wiring is generally done with riP rubber-insulated coppor- 

° r ^ rubber - insula ted copper-conductor varnished 
U o nanp|?5 S ,t CV ; re , d ? nstr,ps of electric-grade cardboard cemented to 
*‘ tb “elite varnish. The wires are secured to a panel 
with sheet-steel straps fixed by screws (Fig. 257a), or by the aid of 


239 



II 









spot-welded clips (Fig. 257c). The straps or clips should be spaced 120 
to 150 mm apart. A liner of electric-grade cardboard must be placed 
under the straps or clips. 

Another method applied to panel wiring is that of hunched or 
group wiring (Fig. 258) by which the wires are run without being 
directly secured to the panel surface. The wires leaving a terminal 
block in the same genera! direction are grouped into bunches arranged 
in a convenient manner. Each bunch is formed to have a rectangular 




rig. 257. Methods of panel wiring: 


ap°rt S of t°he a Wh held '° gether by meUI Stra P s *P“«I «P >o 200 mm 

6mm P T„ e av„ 3 , t0 rf ^ “ ‘, hick ' 

liners of thin electrii-nade cardboard a it the insulation, 

which are locked on the bunch bv mo P f aCe ? under the straps 
buckle (Fig. 257c). y eans of a fold-over joint or a 

at one enilni lo tte^er^naTsoAhe^ *° ‘- he P / nel te ™inal bl “K 
When the run of a bunch s o™r „„« rcs P ectl . ve <>'at the other, 
brackets to the panel at intermediate”^! 1 ld b<> SeCUred by 


9 _£t47 
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Still another method is to bunch wires around a steel bar 5 to 6 mra 
m diameter, welded to the panel. The bunches are secured to their 
bars by straps as in the previous method. 

Panel wiring can be greatly simplified and its cost reduced by the 
use of perforated ducts or gutters which make it possible to dispense 



Fig 258, Bunching in wiring a flC-10 solenoid operating 

mechanism 


with the labour-consuming operations involved in the usual wiring 
methods. 

A perforated duct (Fig. 257rf) has holes in which insulating grom¬ 
mets are inserted and through which the conductors may be brought 
out without danger of damaging their insulation. At the lower end 
of the duct a terminal block is fixed, from which the conductors, 
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loosely bunched and tied together at a few points, are passed upward 
into the perforated duct-way. The wires are brought out through the 
insulating grommets at the proper points for connection to the ter¬ 
minals on the various devices. 

In the latest types of perforated.ducts the terminal block is located 
on the duct between two rows of holes and thus makes it possible to 
connect the wires to the terminal block immediately where thev 
leave the insulating grommets. 

Gutter wiring consists in laying the wire bunches into their ducts 
and bringing their ends out for connection to the devices and the ter¬ 
minal block. Before installation, gutters must be given two coats 
of insulating varnish. 

rlnnr^fi! n°D tr 0 L wiriDg ’ ° r wirin & outside the Panels, is widely 
fn? ri^ r f ubber '‘u SU ate , d c °PP er - c °nductor wire run oninsulat- 

be made of ebonite, textolite, moulded phe- 
la a P - ’ J amin ated insulation, and hard-woods (oak, beech) 

boiled in transformer oil To flat surfaces cleats may be secured by 
cemented-wire-spiral and screw fixings, anchor studs, or with the 

350 mnT SUPP ° rtS< atS Sh ° Uld be Spaced at intervals of 300 to 

SSsass 

and tapped for strap fixingoTthewirt. SUPPl,e " already drilled 

Studs, cemerte V d a wire-sph-a^ an°d screw^ PP ° rtin M. SUrfaces b >' anchor 
a wireway should be W ° ,d,ng : bottom of 

Wires may also be laid • 0ard °l varn,shed cloth. 

spahn or varnished cloth are pastedTiTthe' InStead stri P s of Press- 
indoor substation structure to D t i lh th ® coi ; crete surfaces of the 

r -‘,° rr of h s u n p s s ulat,on ' and th * 

in with° control 0 cables of ■» P»t 

KBPr grades BPr ' KCPr »»<« 

and on metal supports. urfaces of the switchgear room 


9 * 
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Whore straps are used, the cable runs are made by marking out 
two lines of fixing holes per run; where clips are used, only one line 
of holes per run is marked out. Fixing straps or clips are spaced on 
centres of 300 to 350 mm. 

Straps are fastened on brickwork and concrete surfaces with anchor 
studs. Clips are made from tinplate or sheet aluminium strips 1.5 
to 2 mm thick and 8 to 10 mm wide, which are grouted in with gyp¬ 
sum mortar in holes drilled beforehand. 




Fig. 259. Control cables within indoor switch- 
L r ear structure of a power station 


When CPr and KCPr lead-covered type cables are fixed with 
straps or clips, the smallest radius to which they may be bent when 
passing around obstacles or corners should be 8 to 10 cable diameters; 
for BPP and KBPr p.v.c.-covered type cables the minimum radius 

of bending is 5 to 6 cable diameters. 

Installation of a cable begins with measuring off the length of cable 
required, after which the cable is put in under the straps or in the 
clips along the run, straightened and finally fixed along its entire run. 

To avoid damage to the lead sheath of CPr cable, pressboard 
liters must be placed between the cable and the straps or clips. 

Where a cable must be carried through a wall or floor an appropriate 
length of */,-inch to */ 4 -inch rigid steel conduit should be put into 
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the hole and the ends of the conduit expanded and slightly flanged. 
Where a cable is run from one storey to another, the steel conduit 
should protect the cable to a height of 2 metres above floor level. 
In such cases the conduct pipe is fixed with 2 to 3 straps. 

Where various obstacles are to be passed, such as other cables, 
metalwork, earthing conductors, the cables should be run in a neatly 
smoothed groove. 

All cable connections and tappings should be made up within the 
terminal-block cabinets. 



Fig. 260. Cables in the trenches of an outdoor substation (in 

process of work) 


IIP wire used for control wiring outside control boards may be 
la!d in rigid steel conduit fixed to the structural surfaces by straps 
or by tack welds to the metalwork or embedded metal inserts P 

m^n neS .?? nn0Cling \ he swilch 8 ear and the control board are raainlv 

KCG and KCBr OU |^h COn n 01 Cab '° S such » s Gr » d <* KCPB KBPB 

-tructure! 

by ou5£ Is 1ST mad“d Ct "t| d 

been mark^out audS Stodgy 



i? to weld cable supports to metal inserts embedded during construe- 
tion by the builders. 

In outdoor substations the control circuits are generally installed 
with armoured control cables such as Grades KCPE and KCB laid 
in cable trenches (Fig. 260). Where the cables are brought out to 
switchgear equipment they are enclosed in rigid steel conduits up to 
- metres high for protection from mechanical injury. 


Fanning and Connection of Wires 
and Cables at Terminal Blocks 

All connections in control circuits are made at terminal blocks 
secured on 30x3 mm strip steel supports, for which purpose perfo¬ 
rated strip (Fig. 261o), or special-section shapes (Fig. 2616) are used. 




Fig. 261. Components for securing unit terminal blocks: 
o—perforated strip; 6—special-section shapes 


A block must have as many terminals as there are circuits in a 
given system, which is determined from the wiring diagram. 

A row of terminals should be placed 75 to 150 mm away from the 
centre line of the last fixing strap of the incoming conductors. 

Before the panel wires may be connected to a terminal block, their 
ends should be straightened by pulling a paraffin-soaked rag over and 
down the wire, taking care not to damage the insulation at the straps. 
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It is a good pfan to back off one of the screws on the last strap when 
straightening a wire, after which the wires are laid back in place and 
the screws are tightened again. 

Fanning-out, or the arrangement of the wires, should be started 
at the extreme terminals. The outer wire is measured off, bent, skinned 
and inserted under 
the respective terminal. 

Then this procedure is 
followed with the wire 
next to it. The two wires 
are straightened in a ho¬ 
rizontal plane, and the 
same operations aro re¬ 
peated with the next con¬ 
ductors, gradually pro¬ 
gressing towards the 
centre, the extreme wires 
serving, so to speak, as 
templates for the other 
wires (Fig. 262a). 

In order that a wire be 
kept in placein the course 
of work, it should be 
temporarily tied with a 
piece of cotton tape. 

Where there are more 
than 50 wires, they have 
to be arranged in several 
rather than in one layer 
as shown in Fig. 2626. 

A method which also 
finds use is “broom” fan¬ 
ning (Fig. 262c). 


Fig. 262. Examples of fan¬ 
ning out of wires at a ter¬ 
minal block: 

\ - 2Msr KISS!! 

1 — marker block- 2 
rtrin 1 " 8 ?: '-‘elating linking 
2 &J;T term l nal bl( £ k units* 
2 8t , rlp: 7 —terminal- 

*—support surface; c--broom" 
fanning 
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depending upon the type of cable and its location— i. e., indoors or 
outdoors. 

In the case of KCPT bare lead-sheathed, rubber-insulated control 
cables used in indoor substations so-called “dry” termination is 
practised. For this, the lead sheath is removed for a length sufficient 
to make the necessary connections, the trimmed end of the sheath is 
belled out with a wooden drift, the rubberised fabric tape serving im- 




Fig. 263. Control cables brought Fig. 264. Control cables brought 

up to terminal block (in process up to a contactor panel 

of installation) 


mediately under the lead sheath is unwound to leave a belt of 15 to 
20 mm which is secured with 1.5 to 2 layers of p.v.c. adhesive tape. 

The cable conductors are then slightly spread apart, straightened, 
and p.v.c. sleevings are slipped over the rubber insulation as far as 
the rubberised fabric belt to protect the rubber insulation from pre¬ 
mature ageing. 

After this, thin twisted cord is wrapped for a distance of 25 to 30 mm 
from the belled end of the lead sheath and coated with bakelite var¬ 
nish. 

Recent practice is to serve the “root” with adhesive p.v.c. tape 
applied 15 to 20 mm back of the trimmed end of the lead sheath and 
run upwards for a length of 30 to 40 mm. 
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Another method for sealing the “root” is to apply a piece of p.v.c. 
tubing split along its length, heat its outer end, and press it against 
the main wrapping for bonding. 

Examples of control cables brought out to a terminal block and 
to apparatus in an indoor switchgear are shown in Figs 263 
and 264. 

In outdoor substations, where paper-insulated control cables are 
primarily used, the cables are terminated with compound-filled seal¬ 
ing ends made of roofing steel or a moulded plastic. Cable ends in 
both types are terminated almost iden¬ 
tically, as described just below (Fig. 265). 

First, the cable surface is cleaned of all 
dirt, and the length to be bared for termi¬ 
nation is measured off. At the point meas¬ 
ured off, a length of soft binding wire 
or of cable-armour tape is wrapped 
around the cable. In the latter case, a 
tinsmith’s folded joint should be made. 

A sealing end fitting may now be slipped 
on the cable and pushed down out 
of the way. 

The armour is then cut within 3 to 
4 mm of the binding on the armour and 
towards the cable end and removed. 

Hie various protective coverings and 
belt insulation down to the core insula¬ 
tion should be removed so that the re¬ 
maining surface is graded off. The step 
formed by the lead sheath should be 15 
to 20 mm long, and that of the belt insu- 

1( L t0 15 mm lon g- A wrapping 
of 10 to 15 turns of unbleached thread 
is then applied to the belt-insulation 

5)1“ p. 

The cable conductors are then separat¬ 
ed, coated with p.v.c. varnish, and a 
length of p.v.c. tubing of suitable diam¬ 
eter is slipped over each conductor. 

end fitting. It should’ bp snffirior.fi^ en 4 ^ t . h , of l ^ e throat in the sealing 
tween the throat and the t Uy l ^ lck t0 P rovide a dose fit be- 
of the filling compound Thn c 0n p Pe sur j a ® e and thu s prevent escape 
the packing uTe positilLd vertin'^ i§ then dipped onto 

Place for filling with cable compound. “ tem P°™rily fixed in 



Fig. 265. Termination of 
KCBT armoured paper-insu¬ 
lated, lead-sheathed control 
cable by means of a sbeet- 
metal sealing end bell: 

/—armour; 2—wire binding; 

shcaUi; 4 — paper belt In¬ 
sulation; a—conductor Insulation; 

f^ pv w c ',. tubln « ; 7 ~ sheet-metal 
end bell; 8 —spacl 


9—cable-compound filling; 20 -- 
wrapping of unbleached 
or cord 


Plate 
io - 
thread 
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Scaling ends are filled with MEM compound at a temperature 
°* 140°C. As soon as a sealing end is filled, the cover put on the 
conductors in advance is pushed down in contact with the compound 
before it solidifies. 

Upon cooling, the sealing end is cleaned of excess compound,secured 
to the support, and given a coat of asphaltic varnish. 

Cable terminations are usually located in equipment cabinets or 
in special terminal-block boxes. 

Connection and arrangement of the separate conductors of a ter¬ 
minated cable is carried out according to the usual methods ex¬ 
plained earlier. 


45. Mounting of Storage Batteries 

Direct current operative supply for the control circuits is provided 
by storage batteries installed in special rooms with an asphalt- 
covered or tiled floor and ample ventilation to remove the gases and 
sulphuric acid fumes evolved by the batteries. 

Storage batteries are mounted on racks (Fig. 266a) made of wooden 
bars 130x75 mm in cross section and placed on wooden pedestals 
supplied with glass tops or pads. The wooden parts are primed and 
given two coats of linseed oil and acid-resistant paint. 

Alternatively, racks can be made from steel channels secured on 
support insulators (Fig. 206 b). 

The storage battery racks should be properly levelled and plumbed, 
or else even the slightest unevenness may result in the cracking 
of the glass storage battery jars. 

Mounting of storage battery jars. Before placing on racks, the jars 
should be thoroughly inspected for possible breakage, damaged lead 
plates, and other defects, washed out with pure water and wiped 
dry with lint-free cloths. 

The lead plates should be cleaned with a soft brush, wearing a res¬ 
pirator mask as protection against lead poisoning. 

The jars are placed in line and equidistant 1 y from the longitudinal 
axis of the rack, and on conical glass insulators so that their bottoms 
rest on the broad ends of the insulators. In the case of racks made 
from steel channels, each insulator must be placed on a lead washer 
which, apart from serving as a pad, is also used for levelling the jars, 
done with a straight edge and spirit level. 

Depending upon the type of cell installed, the jars must be spaced 
30 or 65 mm apart, as specified in the working drawing. 

The plates in a jar should be arranged parallel to one another and 
to the jar walls, with separators placed between the plates. 1 he 
necessary clearance between the outer plates and the jar walls is pro- 









































vided by lead springs at one end, and by two rubber sleeves at the 
other. 

The plates should be lowered into their jars with the aid of 

metal hooks, as fingers may be pinched if this is done with bare 
hands. 

For connecting the separate cells into a storage battery, the plate 
lugs resting on the edges of the jars are burned-in to lead shoes. The 
lead shoe on the outer jars of each row has a boss into which a copper 
or steel rod is soldered for connecting one row of cells with 
another. 

Filling of storage battery jars with electrolyte. Either ready elec¬ 
trolyte or concentrated sulphuric acid may be available. 

Concentrated acid must be first diluted down to 23.5-26 per cent 
content to make up the electrolyte. The specific gravity of the electro¬ 
lyte is determined with an hydrometer. 

The electrolyte is prepared in special wooden vats the inner walls 
of which are lined with sheet lead burned-in at the joints. The sur¬ 
face of the lead lining should be very thoroughly cleaned. 

Distilled water must first be poured into the vat, concentrated 
sulphuric acid added (never in opposite order!), and the electrolyte 
stirred with a lead rod. This must be done wearing rubber gloves, a 
leather apron and goggles as a protection against burns by splashed 
acid. 

The electrolyte must be protected against dust, dirt and any for¬ 
eign objects. 

Ready electrolyte is poured into the jars with a ladle to at least 
10 mm above the upper edges of the plates. 

Installation of storage battery buses. The bus system is assembled 
of round copper or steel bars generally carried by support insulators 
and, though less often, by PCIU pin insulators (HI for “pin”, C, for 
“moist atmospheres”). The insulators are mounted on supports built 
from angles grouted in the walls of the battery room, or secured by 
dowels driven with a powder-actuated CMIl-l gun. 

Copper and steel bars are secured to the insulators with straps or 
clamps of copper and galvanised steel, respectively, with lead lin¬ 
ing used on copper bars. 

Copper bars are joined by soldering, with connecting sleeves 
placed on the joints. Steel bars are welded. The lead bars located 
between adjacent cells are connected to the lugs on the plates by 
lead-burning. 

The busbars from the battery room are brought out to the d-c board 
by means of an insulating slab of hard rubber or wood boiled in 
mineral oil. The slab has through-bolts fitted with two washers on ei¬ 
ther side. The washer placed directly against the slab surface is of 
lead, and the other of steel. 
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The installation of a storage battery is completed by measuring 
the insulation resistance which should be 100.000 ohms for 110-v 
batteries and 200,000 ohms for 220-v batteries. 

The mounted storage batteries are given a forming charge, as ad¬ 
vised by the battery manufacturer. 

Problem. Draw up a sketch of an insulatin'; slab for connecting battery 
room busbars with a d-c board. I he bolls should be arranged in vertical anil 
stairt'ered pairs. A total 12 bolts 30 mm in dia may be used, spaced >n 130 mm 
centres both between rows and in each row. 



CHAPTER 7 

INSTALLATION OF PROTECTIVE EARTHING SYSTEMS 


46. Protective Earth in# of Indoor Substations 

The protective earthing system of an indoor substation is installed 
in two stages: first the buried outdoor earthing system is installed 
and then the indoor earthing buses are put in. 

In the case of the buried outdoor earthing system, the trenches 
are laid out to the working drawing by the electricians and dug by 
digging crews. 

The centre line of a trench should be not less than 2 to 2.5metres 
from the walls of buildings, while the trench should be 0.6 to 0.7 me¬ 
tre deep. 

While the above work is in progress, earthing electrodes are made 
(unless they come prepared from an outside supplier). Steel pipes 
of 2-inch to 2%-inch size and 2.5 to 3 metres long are used as earthing 
electrodes. Electrodes are usually spaced 2.5 to 3 metres apart. At 
the present time angle iron electrodes are also used in addition to 
pipes. 

Electrodes are driven into the soil with a Martynov-Brodyansky 
hand driver (Fig. 267), an electro-vibrator driver (Fig. 268), or a 
truck-mounted auger fitted with an earthing-rod driving attachment. 

Both pipe and angle-iron electrodes are driven into the bottom of 
a trench until only ends 150 to 200 mm long stick out for joining of 
the underground earth-continuity conductors by welding. 

Underground earth-continuity conductors take the form of 40x4 mm 
steel strip properly straightened, laid on edge in the trenches 
and secured to the driven electrodes by clips first welded to the strip 
and then to the earthing electrodes (Fig. 269). The strength of the 
welded joint between an earthing electrode and an earth-continuity 
conductor is tested by striking it with a sledge hammer of up to 2 kg 
in weight. 
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Earthing conductors are run into the switchgear structures through 
steel-pipe conduits. 

With the outdoor earthing system in place in the trenches, all the 
runs of the system are drawn on a plan showing their position rela¬ 
tive to adjacent permanent structures, the trenches are back-filled, 
and the soil rammed in. 

Within switchgear structures the earthing buses are carried by 
fastenings varying in shape depending on the prevailing conditions 
and location and affixed to the walls and ceilings. 


Fig. 270. Earthing bus fixed by means 
of CMI1-1 powder-actuated gun 

Earthing buses are largely fixed in place by means of CMIT-1 pow¬ 
der-actuated gun as shown in Fig. 270. 

The spacings between the fastenings which carry earthing buses 
indoors are given in Table 28. 

Table 28 


Size of earthing 
bus, min 

Spacing, mm 

20x3 

1,000 

30x4 

850 

40x4 

850 

50x5 

850 

60x6 j 


80 x 6 J> 

650 

100x6) 



Where earthing buses cross temperature expansion joints, com¬ 
pensating bends must be provided. Where the earthing buses pass 
through walls, they should be run through sleeves of steel pipe. 

Joints and tap-offs on earthing buses are made by welding. Runs 
of earthing buses to apparatus should be fastened by the earthing 
bolts provided on the equipment. 
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In the case of apparatus mounted on metal supports, the earthing 
conductors should he welded directly to the metalwork. The contact 
surfaces of the apparatus and the supports should be thoroughly 
cleaned and coated with petroleum jelly or grease. 

The completed earthing system inside a substation is given a coat 
of black asphaltic varnish, while the places reserved for temporary 
safety earthing sets should be left unpainled. 


47. Protective Earthing of Outdoor Substations 

Protective earthing systems for outdoor substations consist of 
a buried main earthing circuit which usually has the form of a ring 
encompassing the entire switchyard and earth-continuity conductors 
radiating from the main ring towards the respective pieces of equip¬ 
ment. 

When the main ring is large, an internal circuit is put in within 
about 10 metres of the main one. 

The main earthing ring of an outdoor substation differs little in 
construction and laying procedure from the buried earthing system 
of an indoor substation. In both, the earthing electrodes, either of 
steel pipe or angle iron, are driven into the soil and then welded to 
a buried earth-continuity conductor. 

The earth-continuity conductors which radiate from the main 
earthing ring to the respective pieces of equipment are generally 
laid in the cable trenches and welded to the inserts grouted in the 
waI ‘s during the construction of the trenches. 

Where earth-continuity conductors are brought out to their equip¬ 
ment they must be enclosed in steel pipes 1 to 1.5 metres high above 


Problem. Write up an operation sequence 
system for an indoor substation. 


for installing the buried earthing 



CHAPTER 8 

ACCIDENT PREVENTION IN SWITCHGEAR INSTALLATION 


48. General 

Before any erection work may be started, all personnel must be 
briefed on general rules of accident prevention by the foreman, su¬ 
perintendent or engineer-in-charge, depending upon who is respon¬ 
sible for safety. 

In addition, every worker must observe all safety regulations spe¬ 
cific to his particular work formulated in statutory publications and 
in safety booklets. 

Caution signs and warning boards must be posted at all places 
where danger may exist. All wall and floor openings must be fenced 
off, and ample illumination, natural or electrical must be provided 
throughout the premises. 

Electric-driven machine tools or mechanisms should be checked 
for reliable earthing before use. The frames of electric hand tools 
must have earthing devices. 

Portable lamps for voltages not higher than 36 volts should be 
normally used, while for work in damp locations, in circuit-breaker 
tanks, and on metal structures, only 12-volt lamps must be 
used. 

Temporary electric circuits must comply with all codes and regu¬ 
lations for permanent wiring. Use should preferably be made of spe¬ 
cial take-down equipment for temporary electric power sup¬ 
ply. 

First-aid kits should be placed within easy reach for all person¬ 
nel who should be trained to administer the principal medicines. 

All personnel must know how to break an electric shock victim s 
contact with the source of current in the quickest safe way possible 
and to render him first aid, how to put out fires in electrical plant 
and how to use fire fighting equipment. 
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49. Safety Rules for Use of Hand Tools 


Wooden tool handles must be made of a hardwood (beech, oak, 
maple, etc.), and the tools proper (hammers, sledges) securely and 
properly seated on their handles. 

The striking faces of hammers and similar tools must have no ragged 
edges. Cold chisels should be at least 150 mm long, drift chisels 
and star drills, not less than 200 mm long. 

Spanners of proper size may only be used. The use of a pipe length 
or of another spanner for increasing the purchase of a spanner must 
he discouraged. 

Electric tools operating on 127 and 220 volts must always be re¬ 
liably earthed and handled with rubber gloves on. 

It is not permissible to operate an electric hand tool while stand¬ 
ing on a step ladder or rung of an ordinary ladder. When necessa¬ 
ry, scaffolds and stages should be used. 

Pneumatic tools and powder-actuated dowel guns may only be 
used by competent personnel. 


50. Safety Rules for Hoisting 


Before hoisting any piece of equipment, all hoisting facilities 
must be checked for possible defects. Ropes must have no breaks and 
be of appropriate size for the weights to be handled. The splices of 
loops at rope ends should be at least 25 rope diameters long, or the 
loop should be made with at least three bolt clamps. 

Wire ropes should be free from kinks. Ropes to be used with pul¬ 
ley blocks should never be spliced or have any defects. 

ma y be attached to a weight only where it is allowed to 
When long pieces of equipment are to be lifted, at least two slings 
and a spreader or lifting beam should be used. 

Electrical equipment must be hoisted only by the lifting l u <rs 
and eye-bolls provided for this purpose. When the equipment to be 
lilted has sharp edges, special wooden or metal paddings should be 
placed under the slings so that they will not drop out when the load 
is being hoisted or lowered. 

No one should be allowed to stand under a load being lifted by a 
crane, hoist or boom. 


Nobody should be allowed to adjust the lifting hitch or touch the 

Ti g w?. 68 ? r r ° peS durin S lhe lifting of a load. 

InwprJ t ln r i h . 00k ma ^ ° nly be dise ngaged after the load is fully 
lowered, reliably seated and secured. 

and^ommaiuls 011116 ^ mUS *' be We ^ versed i° the appropriate signals 



51. Safety Rules for the Installation 
of Main Electrical Equipment 

Where equipment has to be set up at a height of greater than four 
metres, use should be made of scaffoldings and stages provided with 
railings one metre high and floor toe boards to prevent tools from 
falling. 

Pieces of equipment up to 20 kg in weight should be lifted in place 
and mounted by two workmen. Heavier apparatus should be handled 
with block and tackle or chain hoists when installing it indoors, and 
with portable booms and truck cranes in outdoor substations! 

Prior to installation of equipment, the supporting structures and 
fastenings should be checked for reliable fixation and strength. 

Isolator blades and the tie rods between an isolator and its operat¬ 
ing mechanism should be adjusted by an electrician and his mate 
working in concord in order to avoid injury to their arms by the mov¬ 
ing parts of the apparatus. 

Special care must be exercised when the blades of BH-16 load- 
breaker isolators are being adjusted. Lack of attention or failure to 
work in concord during trial operations may result in serious injury 
to the man adjusting the contacts. 

Circuit breakers may be moved only when they are in the closed 
position. The temporary latch holding a breaker in the closed posi¬ 
tion should be released with the aid of the operating mechanism by 
performing the opening operation slowly. 

When adjusting tie rods and contacts, the electrician and his mate 
must work in agreement in order to avoid having their hands caught. 

Before closing or opening a breaker by remote control, the tempo¬ 
rary manual operating lever should be removed. 

It is dangerous to be inside a circuit-breaker tank, stick one’s 
head into it, or touch any moving parts of a circuit breaker when the 
latter is operated manually or by its operating mechanism. 



CHAPTER 0 

ERECTION OF OVERHEAD POWER LINES 

52. Elements of Overhead Lines 
and Erection Procedure 


Classification and elements of overhead power lines. Overhead lines 
are circuits which transmit electric power from a source of power 
generation to a point of power consumption. 

By purpose and working voltage, transmission lines are classed in 
the Soviet Union into four main groups. 

The first group comprises long-distance lines with a working volt¬ 
age of 400 to 500 kv which transmit power from large power sta¬ 
tions to individual or interconnected power systems. 

The second group embraces block power transmission lines with a 
voltage of 220 kv which interconnect separate systems and also sup¬ 
ply power to large industrial regions. 

Within the third group fall 110-kv transmission lines which sup¬ 
ply main switching stations and also interconnect them within a 
given power system. 

^Y 5 f ^rth group consists of distribution lines with voltages of 
110 kv and 35 kv which supply power to industrial loads or groups 
of industrial loads in a given district. P 

This book deals with the third and fourth groups of power lines. 
The mam elements of an overhead line are the line supports and 

head earth-w:ires § (Fig° 271)^ ^ aCC6SS0ries ’ conductors, and over- 

® u PP° rts pan be built from wood, reinforced concrete, and 
whvh By f “ c V° n J j they are classed int0 intermediate supports 
chor simnnrf<5 hC » IO f d 1 Ue 1° the conduc tors and insulators, andean- 

and oveK ^arttwtl tenSi ° n du6 10 a " the 

8UDMrt! r S.rL th V ,ldS ° f . a Hne are ca,,ed terminal supports and 
supports placed where angle turns occur in a line are termed angle 
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271 • Main elements of an overhead power line 





supports. Terminal supports must carry the one-sided tension due to 
the conductors and earth-wires. 

The part of a support buried in the soil is called the footing or 
foundation. For wood pole supports the footings may be reinforced- 
concrete or wood-pole stubs set in the soil, or driven like piles. For 
reinforced-concrete and metal poles the footings or foundations may 
be reinforced-concrete piles, prefabricated reinforced-concrete mem¬ 
bers, or poured-in-situ concrete or reinforced-concrete foundations. 

Conductors for 35- and 110-kv overhead lines are generally alumin¬ 
ium and steel-cored aluminium. The conductors are carried by 
strings of suspension insulators. Details of these conductors and 
insulators are given in Sec. 37. 

Line erection procedure. Before a transmission line can be erected, 
maps and profiles of the line route, a pole setting schedule, working 
drawings, and bills of the requisite materials and equipment are 
prepared. 

In addition, plans are included for the construction of auxiliary 
facilities as linemen’s huts, bridges, dispatcher communication 
lines, etc. 


The way-leave for the line must be obtained from the organisations 
whose holdings and facilities they intersect (railway, river transport 
telephone and other services). 

In the Soviet Union lines are erected by specialised organisations, 
buch organisations have each a number of district offices to which 
held offices report. Short 110-kv lines, as well as all 35-kv lines 

offices eCted by field construction sections reporting to their field 
Line erection includes: 

(a) preparation for line construction which covers locating and 

laying out the line, clearing work, and erection of the necessary struc¬ 
tures and services; 

(b) line construction which covers delivery of line supports con- 
ductors and insulators to their sites, their assembly and erection. 


53. Support Erection 

r>rJ^ d K P ° le S , UI !?. ort ererlion * I" most cases wood-pole supports aro 

be nmdA by f 3 3 i in ? d6rriCk P ° le me,hod - The derrick P po!e may 
0f K V00d po, f or melal - Wood poles are used more of en be- 

we * h '- are 
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(a) 

Fig. 272. Erection of H-shaped wood pole support with a derrick pole: 
a—by a winch ami block and tackle; 6—with use of a tractor 


The pole supports are laid out along the line route so that their 
stub-pole footings are just above the ready holes in the soil. A der¬ 
rick pole 4 is placed so that its legs are within 1 to 1.5 metres of the 
holes and between the stub poles. Two side pulling ropes connecting 
the pole with the support and a raising line 3 run to a winch are at¬ 
tached to the top of the derrick pole. Two more ropes 1 are made fast 
to the stubs to prevent the support from being dragged in the direc¬ 
tion of the pull. 

The derrick pole is raised into position by means of so-called 
shoring poles consisting of two round baulks each 3.5 to 4 metres 
long and resembling a derrick pole but of smaller size. 

To allow the support to turn easily when the lifting is started, two 
short round logs are placed under the stub poles. 
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To prevent the support from moving sidewards in raising, two 
guy ropes 2 are tied on both sides and attached to temporary anchors 
driven into the soil. The walls of the pole holes are covered by boards 
as a protection against being caved in by the pole legs when the sup¬ 
port is being raised. 

The pull can be provided either by block and tackle and a winch, 
or a truck, or even better, a tractor. 

When the support has reached an angle of" about 35 to 40 degrees, 
the lower braking ropes are slowly paid out. 

As soon as the support slips into the pole holes, the derrick pole 
becomes inoperative. To prevent it from falling, it should be tied 
in to the support by a back rope in advance. 

When the support reaches a vertical position, the lower braking 
ropes are no longer necessary. The upper holding line attached to the 
middle of the cross-arm now comes into action (see Fig. 2726). 

The support is then plumbed and adjusted, if necessary, by means 
of the pulling and holding lines and the side-guy lines. 

The pole holes are now back-filled in layers, taking care to ram the 
earth in one layer at a time, and the tackle may be taken 
down. 

Fig. 273 shows how an AH-type wood-pole support is erected by 
the same method. 

Wood-pole supports can also be erected by a truck crane. The sup¬ 
port is laid along the line route with its stub-poles just above their 
holes. The crane is manoeuvred along the line and behind the pole 
holes. The crane hook is secured to the X-braces of the support with a 
length of rope (Fig. 274). 

As the support is raised, its stub poles slide into the pole holes. 
The crane, at the same time, moves fonvard along the line. 

When the support is set up vertically, it is plumbed and aligned, 
and the pole holes are back-filled while ramming one layer of 
earth after another. 


If the support is out of the vertical, it must first be straightened 
by removing the soil from under its higher leg or by pushing a short 
baulk under the lower leg, raising the legs with a jack. 

Lreclion of reinforced-coucrete poles. Reinforced-concrete poles 
are best erected with the use of a derrick pole (Fig. 275) and a trac¬ 
tor as the source of pull. 

Wb 0 * der 7?v P ° ,e is tied , in t0 the u PP er and lower cross-arms or 
Ahm.iJV? l o G S ? P ° rt , P ,° 6 and is placed above the support within 
sunnLV T °l th , ep ° le butL Where the ^pes are tied to the 

Kiln COncrete should be Protected by short pieces of hardwood. 
Dort aVit sUn^- u , nn f, cessa ry io this case because the butt of the sup- 

the ^vall of he hole P ’ * immediate! y bought up against 
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un AH-type wood pole support with a derrick pole; 















































The pole is set up vertically by means of the raising line and the 
side-guys. 

Reinforced-concrete supports may also he erected with cranes 
(Fig. 276), for which purpose a support is first lifted hy a crane, and 
then lowered into the pole hole in the vertical position. The pole is 
plumbed and aligned, the hole back-filled and the soil rammed in 
much as in the previous case. 

Safety rules for support erection. Good hoisting facilities go a 
long way toward complete safety in support erection. The winches. 



fig. 274. Erection of H-type wood-pole support with a mobile crane 


*: l0Ck K S ’ 1 tc 7 sho , uld be registered as required by law and have 

2SS ^dsigtd'" WhiCh ,heir a ” nual are 3 ; 6 

da^^f 1 - USed f .° r handling heay y weights should bear the 

tmp°od with a d?e SPeCt ' 0n ^ S,C '“ Ciled " i,h a «“""»« P-> or 

W ° rk * s commenced, all the tackle, irrespective of the 

worn sliaRnins 81 f tCS Vi “Ti* inspecled for cracks 011 the hooks and 

Under no PU , ey ’ ° Ck5 ’ and for dama g° d strands in the ropes 

Pr I n " S ances ™ ay defective tackle be used. P 

i < 5SSs&2S«» 
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Fig. 275. Erection of a reinforced-con- Fig. 275. Erection of a rein forced-con¬ 
crete pole with a derrick pole creto pole with a mobile crane 





When a support is being raised, no one of (he ereclion crew should 
find himself under the support, under the tensioned ropes, in a pole 
hole, or where the support or derrick pole may fall. Every man in 
the crew should he at his work station and within sight of the crew 
leader. 

As soon as a support is set up, it must he guyed, and a watchman 
should be left at supports which are temporarily guyed. 

A support may he climbed only after it has been fully anchored. 
When a support is being raised, or anchored, no one should be allowed 
to stand under or near it, as dangerous accidents may result from the 
fall of a tool, tackle parts, etc. 


54. Installation of Conductors and Earth-wires 


Running-out operations. Conductors and earth-wires can he taken 
to the erection site on trucks, horse-drawn carts or tractor-drawn 
trailers. In loading, transit and. unloading, cable drums should 
he protected against injury. Hence, cable drums must be snugly held 
in place in the body of the vehicle by wedges and ropes. Cable drums 
should never be dropped and may be rolled only as indicated by the 
arrow on the drum side. 

The drums should be distributed along the route at distances ap¬ 
proximately equal to the length of the conductor or wire wound on 
the drum. 

Insulators for the conductors are taken to the locations packed in 
boxes or special crates, or in some cases, unpacked and bedded in 
straw or hay. The number of insulators left at each support should 
take into account possible breakage. 

The boxes containing the line fittings are stored in the watchman’s 
hut on the line and handed out when required. 

Prior to running out a conductor or overhead earth-wire, a spindle 
should be passed through the drum and the drum raised on a runnincr- 
oul support. The conductor or earth-wire is run out by rotating the 
drum on the spindle. When the conductors or earth-wire come wound 
in coils, they are run out on vertical stands. 

In both cases the drums and coils remain stationary, and the con- 
uclor or cable is pulled by hand, horse, or tractor. Alternatively the 

wiT ma M 6 P' aced “ n a */“<* f <-°™ which the conductor or earth- 
wire is paid out as the truck moves along the line. 

fflovPd h h a nH ndUC i 0r ° r Cab i e iS run out ’ il is P assed through the 
H^oPt d h d ,. a ? d examined for defects or damage by feel. When a 

eHher * d ^o“«"™d, and the faulty section 
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Hie conductor is run out by pulling it over the ground or over 
snatch blocks. The second method is preferable as the conductors 
are less likely to be damaged and a smaller pull is required. By the 
second method, as a support is approached, the conductor is passed 
o\or snatch block (Fig. 2//) made fast to an assembled suspension in¬ 
sulator string on the support, and the conductor is run to the next 
support. 1 


The insulator string and the snatch block (Fig. 278) are suspended 
at some height from the corresponding cross-arm of the support bv 
means of a rope passed over a block. 



Fig. 277. Snatch block: 

/—sheave; 2—two cheeks; J—lock and handle 
for opening check to Insert conductor; /—suspen¬ 
sion link 


When insulator strings are being assembled, the porcelain should 
be inspected for breakage, chipped spots, cracks, scratches, and bare 
unglazed areas. The insulator fittings should also be inspected for 
cracks, laminations, damaged galvanised coatings and poor articu¬ 
lation. Damaged spots on the galvanised coating and paintwork 
should be touch-painted. Parts which cannot be remedied must be 
rejected and replaced. 

All the insulator units in an assembled string should have locks in 
the caps and also engaging eyes. The locks should be arranged so 
that they are on one line down the entire insulator string. Before as¬ 
sembly, the insulators should be cleaned to remove paper labels, and 
washed with warm water to remove dust and dirt. 

Conductors and earth-wires are run out with the aid of comealong 
clamps or grips attached to the pulled end of the conductor. The 
clamps should suit the grade of conductor. Thus, wedge-type corne- 
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along clamps are used for copper conductors; for aluminium conduc¬ 
tors wooden or aluminium bolted clamps are used. 

Where conductors and earth-wires must be strung across roads, rail¬ 
ways and the like, or over electric lines (only up to a working voltage 
of 1,000 v), derricks or ladders or ropes must be used to prevent in¬ 
terference with normal operation of these services. 



Fig. 278. Temporarily raised string of insulators 
ana conductor at a line support 


Where conductors have to be run out across country roads the\ -ire 
requently laid for the time being in narrow ditches dug acroS Urn 

u 0 „t?,Th d e C r k 1 s b L b „°e ardS - EleCtri ° P ° Wer ““ 
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K Cted , for Possible damage and proper assembly. The stringing 
block is also checked for proper functioning and the position of\he 
conductor or wire passed over it. 

lifted 'with* lated earlier \ insulalor str [ n f and stringing blocks are 
lifted with a rope passed over a snatch block attached to a support 

cross-arm. The end of this lifting rope is tied to the string between 
tne tirst and second insulator units from the top. 

It is good practice to use for lifting a special clamp which is 
attached to the second insulator from the top of a string (Fig. 279). To 



Fig. 279 Clamp used for lifting strings of insulators 


avoid damage to the glazing, the clamp should be lined with leather 
or rubber. 

The other end of the lifting rope is passed through the block secured 
at the bottom of the support (see Fig. 278) and is taken to a winch, 
tractor, or truck. After the string has been lifted to a height of 1 to 
1.5 metres, it is again checked and then lifted up to the cross-arm where 
it is fastened with a shackle to the suspension fitting on the cross- 
arm. Care must be taken to lock the shackle with a cotter-pin. 

Where the conductors are arranged on the supports vertically, the 
upper conductor is the first to be lifted. In lifting, a workman should 
be stationed on the third cross-arm from the top to push the string and 
conductor clear of the lowest cross-arm and then of the middle cross- 
arm. The middle conductor is passed clear of the lowest cross-arm in 
a similar way. 
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Earth-wires, if used, are raised on separate stringing blocks prior 
to lifting of the line conductors. Fig. 280 shows how an earth-wire 
is anchored to a wood-pole support. 

Conductor jointing. Conductors are jointed after they have been 
run out along the line. A joint should develop 90% of the strength of 
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Fig. 280. Fittings for securing an earth-wire to 

wood-pole support 


the conductor. The electrical resistance of a joint should not exceed 
that of an equal length of the conductor, while the temperature rise 
of the connector mounted on a conductor should not exceed that of 

b, e M C n° n n UCt0, i»f r0pe u r T hen the max * mum current for the given con¬ 
ductor flows through the joint. 

on?„d'T:,l et l°, d3 . maini y used , f ° r conductors are based 

oer alnm^ . f P , reSS10n - Indentat i“n joints are used on cop- 

240 so mm! T and s ! eel ' < r°. re aluminium conductors in sizes up to 
fh m-n- ’ c ° in P ression Joints on extra-strength ACY steel-cored 

of 3^nd 400 sn g m er PU r P ° Se Stee, - cored aluminium conductors 

£ “">* «"■ Me°e7S°wireof S 50 r s q a mm U a S nd ““matt 

The press is fnmichori uu ^ a ^\° arm handle 8 during jointing, 
an u PPer and lower die ^hese^es^rG 1<? p J Z ® consislin & of 

Of conductor J whidMhe pair isT^” c ° rres P ondi "g to the size 

Pair have similar ordinal nu^barn USed ' " hi ' e both di ° S in a 

coated with petroleum jellv°am| 110Ved ’ in petro1 or k «rosene. 

I iroieum jelly and wrapped in heavy paper. The press 

10—947 
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Fig. 281. Screw press for jointing conduc¬ 
tors by indentation of jointing sleeves 


should be given a coat of machine oil. Both the press and the dies 
should be stored in a dry place. 

Before jointing, the conductors should be first checked to see that 
they are arranged on the ground exactly as they should be strung on 
the support. Servings of soft wire are applied to prevent the conductor 
strands from loosening, and the ends to be joined are cut square with 
a hacksaw or in the press itself by putting in paired cutting dies. The 
ends are then cleaned for a length of 1.3 to 1.5 times their length in 
the jointing sleeve. In the case of a heavily oxidised conductor, each 
strand is unravelled and cleaned separately. 

The conductor to be cleaned is first wiped with a dry rag, then 
with a rag wetted with petrol and is finally wiped dry. The ends are 
given a thick coat of petroleum jelly or protective paste and cleaned 
with a steel-wire brush. The same treatment is given to the internal 
surfaces of the sleeve, the only difference being that a steel-wire 
tube brush is used. 

The protective paste consists of petroleum jelly to protect the con¬ 
tact surface from oxidation, and zinc powder, which, being harder 
than aluminium, becomes imbedded in the conductor material and 
provides, as it does, contact bridges within the joint over its entire 
length. A protective paste has recently been developed in which 
the zinc powder has been replaced by quartz sand. 

The dies 9 and the oval sleeve are then checked to see whether their 
size or diameter is the same as that of the conductors to be jointed. 
The dies are put in place, watching that the letters and numbers on 

them are on the same side. ' . 

A clearance of 0.4 to 0.5 mm is set between the dies by means of 
the screw 10. The clearance can be checked with a feeler gauge. The 
conductors to be jointed are pushed into the sleeve from the opposite 
ends, until they project about 15 to 20 mm beyond the ends of the 
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sleeve. The scribe marks on the edges of the sleeves should be on the 
side of the outgoing conductors. 

The sleeve, with the conductors pushed into it, is placed between 
the dies and indented by turning the two-arm handle 8. Each time 
the lever arm 1 touches the screw, the joint should be left clamped 
between the dies for 1 or 1 Yi minutes. The indentations on the ready 
joint are then checked for proper depth against Table 29. 


Table 29 

Depth of Indentations on Oval Jointing Sleeves 
for Aluminium and Steel-cored Aluminium Conductors 




n/311 9 7 5 3/ 


2 9 6 8 1012 



F ' 8 282. Conductors jointed by indented sleeves: 
a with one sleeve; 6—with two sleeves 


10 * 






The joint is made beginning at one end and working out towards 
the other end in a staggered sequence, doing the indenting at the 
scratch marks on the sleeve as shown in Fig. 282a. 

The number of indentations on the sleeve varies with the size of 
the conductor and can be determined from Table 30. 


Table 30 


Size of Grade A 
aluminium wire, 
sq mm 

Number of 
indentations 

Size of Grade AC 
steel cored 
aluminium wire, 
sq mm 

Number of 
indentations 

16-35 

6 

35 

14 

50-70 

8 

50,70 

16 

95-185 

10 

95 

20 

240 

12 

120,150 

24 

— 

— 

185 

26 



240 

2x14 


On steel-cored aluminium conductors, the joint is made beginning 
at the centre of the joint sleeve and working out towards each end. 

A similar joint but using two sleeves is used on Grade AC steel- 
cored aluminium conductors of 240 sq mm cross-sectional area or 
greater (Fig. 2826). 

Compression joints. These joints require a hydraulic press unit 
and dies (Fig. 283a). The unit consists of a hydraulic press 1 with 
a piston 120 mm in diameter in which the lower die is placed, a hand- 
operated hydraulic pump 2 having a 12-mm diameter plunger, and 
a suction and a delivery ball valve, a tank 3 containing the working 
fluid (2.3 litres of spindle oil), a valve 4 to discharge the working 
fluid from the press back into the tank, and piping 5 between the 
press and the pump. 

When much work has to be done, a mechanised unit (Fig. 2836), 
built on the same principles and powered from the engine of a truck 
is used. 

The press in each unit has assorted dies marked in pairs for a par¬ 
ticular size of conductor. In addition, each pair is stamped'with its 
own sequence number. 

Sleeves are made from aluminium for use over the aluminium 
strands and from steel for use on the steel core. 

Before jointing, the conductors to be joined are arranged as they 
should be strung on the support, the ends are cut square, cleaned, 
etc. The bore and length of the jointing sleeve should also be checked 
against the working drawings. The tolerances are ±5.0 mm on the 
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length of the sleeves, ±0.5 mm on their inside diameter, 
±0.5 mm across the large axis and ±0.2 mm across the small 
axis. 

The conductor ends and the sleeve are thoroughly cleaned and coat¬ 
ed with an anticorrosion compound. 

Servings of wire (B x in Fig. 284a) are applied, the aluminium sleeve 
is slipped on, say, the right-hand cable end, the wire serving B x is 
loosened and backed out of the way beyond the sleeve, and another 
serving of wire B t is applied to the end of the conductor projecting 
from the sleeve (Fig. 2846). The first serving B x is removed, 
and the sleeve is backed about 0.8 to 1 metre from the conductor 
end. 

Servings of wire B x are then applied some six-tenths of steel sleeve 
length L (Fig. 284c) from the end of each conductor, the servings 
B x and B t are removed, the aluminium strands are spread, cut to half 
their thickness, and broken off. Now servings of wire Z?, are applied 
to the ends of the steel core bared for the length E in Fig. 284 d. 
The steel core ends are de-burred, cleaned with petrol, and given a 
coat of an anticorrosion compound. The steel core is pushed into the . 
steel sleeve, with the servings B t removed. 

The steel sleeve, with the conductors pushed into it, is mounted 
on the lower die so that the working face of the latter is at the centre 
of the joint and the flutes on the steel sleeve sides are vertical in 
respect to the die base. The upper die is put on, and the entire assem¬ 
bly is placed in the press, with the piston in its lowest position. The 
steel joint is compressed beginning at the centre and working out 
towards each end. The joint should be moved each time so that each 
fresh grip overlaps the previous one by 6 to 8 mm. 

On each grip the dies should be brought within 0.1 to 0.3 mm of 
each other, checking this clearance with a feeler gauge. 

Should the sleeve be curved by compression, it can be straightened 
by turning the lower die through 180 degrees, with the concave side 
facing downward. 

After compression, all possible burrs and high spots are removed 
with a file, and the joint is given a coat of petroleum jelly. 

The aluminium sleeve already slipped over the conductor is then 
compressed. For this, it should be positioned exactly over the centre 
of the steel joint, the dies in the press replaced by those for the alu¬ 
minium sleeve, and the aluminium sleeve compressed beginning 
where the steel sleeve ends and working out towards the ends 
in turn away from the centre which is left uncompressed (see 

Fig. 284). 

To prevent the conductor from bulging at the ends of the aluminium 
sleeve, servings of soft wire should be applied 15 to 20 mm away 
from its ends. 
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***• Step3 01 ioio,i “8 conductors by compression 






























The aluminium joint is compressed in the same manner as the steel 
joint. 

The earth-wire is also jointed as the above conductors are. 

To prevent corrosion, red-lead paint is applied where the conduc¬ 
tors and earth-wire come out of the joints. 

Dead-ending, tensioning and clamping of conductors. After the con¬ 
ductors have been run out along the line and jointed where necessary, 
they are made fast to the anchor support from which the tensioning 
operation is to be started. First, tension clamps are put on the con¬ 
ductor; with them it is secured to the insulator string. These tension 
clamps may be either of the bolted type or of the compression type. 
General views of a bolted-type tension clamp can be seen in Fig. 239 
and in Fig. 245a. The conductors are secured in them in the 
same way as the buses are mounted in an outdoor substation (see 
Sec. 37). 

The compression-type tension clamp is very similar to the compres¬ 
sion joint used on steel-cored aluminium conductors. 

After the clamps are in place, they are attached to their tension 
insulator strings and lifted together with the conductor on the an¬ 
chor support with a rope passed over a block attached to the support 
cross-arm and taken to the pulling mechanism which may be a winch, 
tractor, or truck. The lifting rope should be made fast to the third 
insulator from the top of the string. A special insulator lifting clamp 
should be used for this purpose (see Fig. 279). 

When the conductors have been clamped and dead-ended at the 
back anchor support (in the direction of pull), the conductor at the 
other end of the anchor span is attached to a comealong clamp, passed 
over a sagging block, and is hoisted together with it on the support 
cross-arm. The conductor end carrying the comealong clamp is made 
fast to the pulling mechanism. 

The necessary sag is then adjusted with the aid of sighting battens 
set on the supports at each end of a span (Fig. 285). 

It is good practice to give the conductor a certain amount of over¬ 
tension at the pulling point in order to even up the sags in all the 
spans of the given anchor span. 

For this reason sags are sighted in the span furthest from the pull¬ 
ing point and in the span nearest to it. The necessary sag is first 
set in the furthest span and then in the nearer span. 

It should be noted that sag tables give a reduced sag in order to 
provide for its increase due to sleet and heavy wind loading, etc., so 
that the necessary clearances will not he decreased. 

At the second anchor support the tensioned conductor is marked 
with binding wire applied where the tension string is to be secured 
at a given sag, the conductor is lowered to the ground, and another 
wire binding is applied at a distance equal to the length of the ten- 
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Fig. 285. Method of adjusting sag 


sion string and clamp back from the first binding; the tension clamp 
is fitted on the conductor in the same way as at the first anchor sup¬ 
port, and the tension string and clamp assembly and the conductor 
are hoisted to the support cross-arm where the tension string is made 
fast. 


Frequently the tension clamp is secured to the second anchor sup¬ 
port without lowering the conductor to ground. In such cases the 
clamps are installed from cradles. 

After a conductor has been strung, the snatch blocks used for 
stringing are replaced at the intermediate supports by suspension 
clamps. This work is performed by two workmen (Fig. 286). 

One of them climbs the support and secures a block and rope to 
the cross-arm and drops the end of the rope down. Using the rope and 
block, the other man raises a tackle, hanging ladder and the necessary 
number of suspension clamps. 

The man on the cross-arm now secures the ladder and tackle to 
the cross-arm, descends the ladder level with the conductor and 
engages the conductor with the tackle hook. To protect the con¬ 
ductor from damage, it is first wrapped in a rag 

The man working below pulls up the conductor by means of the 
tackle to permit the man at the top to remove it from the snatch 

?- *, n( J r0 P|f ce th ® latter with a suspension clamp. When the clamp 

is in place, the conductor is lowered and slipped into the clamp by 
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Fig. 286. Transfer of conductor from snatch 
block to intermediate suspension clamp 


paying out the fall rope. Before the conductor is fixed in place in the 
damp by the bolts, the suspension string should be aligned for true 
verticality. 

Before aluminium or steel-cored aluminium conductors are 
clamped, they should be wrapped in aluminium tape about 10 mm 
wide and 1 to 1.5 mm thick. 
























55. Safety Rules for Installation 
of Conductors and Earth-wires 

Before commencing the installation of conductors and earth-wires, 
the wire-stringing equipment should be examined for possible de¬ 
fects. 

Those working on supports should wear safety belts reliably 
secured to the support. 

Electricians should never be allowed to work on angle supports 
inside of the turn-angles of change in the direction of the line, as 
they may be struck by con¬ 
ductor going loose. w ‘ re coble Jumper 

Nobody should be al¬ 
lowed to stand under an in¬ 
sulator string or conductor 
when it is being lifted on a 
support, or under the con¬ 
ductors and supports when 
conductors are being run 
out, strung, or sagged. 

Tools or line fittings 
should never be allowed to 
fall from a support or a man 
to descend down a rope 
from the block used for lift¬ 
ing insulator strings and 
conductors. 

As a thunderstorm comes 
up, all work on a line must 
be immediately discontin¬ 
ued. 



56. Lightning Protection 
of Overhead Lines 

The two methods of pro¬ 
tecting overhead lines 

s7ofpSoft 8 ub?s 0keS are: (1) ° verhead earth - wires »»« (2) «P».- 
tor?a e nd Ve c™nec e t a e r d th ^ ^ line above ‘onduc- 

soil at each support The 'T ! le< ? r ° deS driV<m int0 th » 

inches to2 inches in d'iameter or 40x40vf • 516 Ste< ? pipes 1 V * 

than 3.5 metres long. eter or 40x40x4 mm iron angles not less 
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AJ1 buried earthing connections should be welded. The earthing 
conductors run down from the earth-wire are connected to the latter 
by means of bolted-type clamps. At the bottom of a support pole 
they should be protected against mechanical injury to a height of 
2 metres above ground level. 

An example of earthing conductors installed on a wood-pole sup¬ 
port is shown in Fig. 287. F 

Expulsion protector tubes consist of a bakelised fibre tube contain¬ 
ing two built-in electrodes between which an internal gap is pro¬ 
vided. r 

An outer electrode, or arcing horn, made from steel wire 5 or G mm 
m dia is attached to the bolt at the upper end of the expulsion tube 





Fig. 288. Power line expulsion protector tube 


(Fig. 288) to provide an external spark gap between it and a line 
conductor. 

Expulsion tubes are connected to supports by mounting brackets 
which should be reliably earthed. The internal gap can be adjusted 
by turning the tube about the bolt whichsecures the tube to the 
bracket. The external gap is adjusted to templates made from wire 3 
or 4 mm in diameter. 

Expulsion tubes should be mounted so that their base is not less 
than 2.5 metres above ground level. When it is impossible to observe 
this distance, special fencing must be provided. 










PART TWO 


OPERATION AND MAINTENANCE OF STATION, 
SUBSTATION AND LINE EQUIPMENT 


CHAPTER 10 

ORGANISATION OF OPERATION AND MAINTENANCE 

57. Scope and Principles 

By the operation and maintenance of station, substation and line 
equipment is meant all activity required to keep the entire system 
of power generation, transmission and distribution in running or- 

The objectives of operation and maintenance, which is an involved 
and responsible process, are: 

(1) to provide planned total output and supply at peak loads; 

' 10 P r0Vlde continuity of power supply at a constant frequency 
and rated voltage; J 

(3) to keep unit cost of power at a minimum. 

h ® ? ov *? t managerial structure of operation and maintenance is 
shown in rig. 289 for a thermal power station. 

eferring to the diagram, the management of a power station is 

.nfinfhl c ° n .Vw SaUle ! ineS 33 that of industrial undertak- 
thP ih.lf S ° Viet Un !i 0n, u 1 ' e- ’ 11 1S headed b y the director to whom 
some dn a M?! ,nee f l a ° ther ^ members report. However, there is 
ty - m th, L SySte o“ 0f management. For one thing, the shift 

HZ 116 "/ 1 - - 290) rep ° rtS t0 both the dieter and the 

Th^ df, author . lt y,’ in Particular the system dispatchers, 
pocn ^ ’1 i / y • seemingly contradictory to the principle of direct 

ponsi ilit y , is due to the following circumstances. 

will be recalled, the individual power generating stations are 
not operated in isolation but are interconnected by power grids into 

their^o^onU^aUon 11 ^! 161 !! 6 ^ 1 ^ 6 operat ^ in Parallel. This necessitates 
who Xteon dutv 18 C ? t6 u red for b y the chief dispatcher 

trd engineer at eaSh portion t C ° U ' 
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At a power station all stall is divided into shift operators and main- 
tenance men. 11 

The shift operators do the necessary switching operations, keep 
watch on the operation of the electrical equipment, remedy any ab¬ 
normal conditions, partake irf eliminating any emergency, take out 
equipment for repair and put it back in service after repair. 



Fig. 289. Structure of thermal electric power station management 


As far as switching operations are concerned, the operators report 
only to the chief operator (control engineer). 

At the same time each operator reports to the superior within 
a given department. Thus, the control engineer at a station ought not 
to switch on the equipment which the chief engineer of the station con¬ 
siders faulty. Any machine or unit after it has been repaired may on¬ 
ly be put into service by permission of the head of the respective de¬ 
partment. The operators are obliged to follow the regulations 
approved by the chief engineer of the station. 






The maintenance men service and repair the equipment and are, 
for this, divided into crews headed by foremen. Each foreman and 
his crew are assigned to a section or group of equipment, for example, 
the switchgear, the generators, the station services, etc. 



Fig. 290. Structure of subordination of operative personnel 


58. The Electrical Maintenance Department 
of an Electric Power Station 
and Its Functions 

The electrical equipment of all the departments of a station is 
maintained by the station’s electrical maintenance department, the 
organisational structure of which is shown in Fig. 291. 

The electrical maintenance department is in direct charge of some 
of the equipment such as the switchgear equipment, transformers 
and control board, and only services other equipment, including the 
electric motors in the various departments. 

The electrical maintenance department is also responsible for the 
electrical part of the turbogenerators, while their mechanical part is 
placed under the supervision of turbine house personnel. 

The work of the electrical maintenance department operative per- 
sonnel m supervised by the shift chief (see the diagram in Fig. 291). 

anTttfhelper™ ** contro1 board attendant, floating electrician 

The change of the shift is an important moment in the work of tho 
operative personnel and the procedure is as follows. 
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tlJnn shlft chief - before taking on duty, is obliged to inspect 
the equipment, to see which equipment and circuits are switched in 
or out and to obtain information about the operating conditions, 
special emphasis is placed on the major and more vital units, such 
as the generators, power transformers and high-capacity motors. 

In taking over, the new shift chief should learn which units re¬ 
quire special care, what equipment is in standby, and what equip¬ 
ment has been taken out for repair. 



lig. 291. Organisational structure of the electrical maintenance department 

of a power station 


Also he should read the notes in the log-book to learn what abnor¬ 
malities occurred during the previous shift and what orders were 
given by the operator in charge. 

The new shift chief takes over the keys, tools, instructions, and 
the log-book, in which the man leaving duty signs off and the man 
taking on duty signs in. 

The relieving attendant should inform bis chief operator of any 
abnormalities he has detected. 

The relieved attendant should report to bis engineering chief of 
the condition of the equipment when he hands over duty. 

The shift chief is responsible for operation of all equipment in his 
charge during his period of duty. He directs the elimination of any 
abnormal conditions and breakdowns in the equipment, and makes 
periodic rounds of the equipment. 
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The control board attendant keeps constant watch on operation of 
the generators and adjusts their loads to the orders received from the 
chief operator. He also watches the power transformers and lines, 
and the storage batteries and their charging units. * 

The floating electrician makes rounds of the various departments 
of the station, remedies any troubles in operation of the electric 
motors, lighting circuits, etc. 


59. Training of Operating and Maintenance 

Personnel 


To be efficient in discharging their duties, both the operators and 
maintenance men should have a perfect knowledge of the equip¬ 
ment which they operate or service and of the conditions under which 
it must be operated, and possess the necessary practical skills. 

Technical knowledge is acquired at vocational training schools 

where workmen are trained in the various electrical engineering 
trades. 

A vital sta g e i n this training is on-the-job training which is pro¬ 
vided for by the respective curricula and in which the training course 
usually terminates. b 


A trainee operator, for example, is assigned to an experienced at¬ 
tendant. The trainee goes through his tours of duty as established by 
the regulations at the station, but has no right to carry out any rou- 

.'m r S pIn Chir I?i^ n e f S t0 J, d t0 do so - The ex P er ienced attendant bears 
full responsehty for all work done by the trainee. 

rml™ ° f 0 ”' the -j° b 1 training varies with the training 

course and in accordance with the job the trainee is being prepared 


Before he is given a job, the applicant should qualify for it before 

AftTJ° n i° ard T UP direCt, y at the P° wer station 
_ th f a PPhcant has passed the qualification tests, he receives 
a certificate ent.tnng him to work on electrical equipment and is 

to a a ?db n< a d t I «ilT° UP | raling (S6e b u low) - Each "^cornerassigned 

a nrVal- 1 ! elec tncal power establishment has first to work as 
a probationer for a certain period of time. 

temah'r^fprh advancement in qualification is attained through sys- 
tematic technical education of personnel This ariiviiv 

=? £ SSSZLSL S3 ‘ 
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qualification of personnel. Special attention is given to cases of dam¬ 
age to equipment and emergency, and to an analysis of their causes 

Ihese briefings are held either before or after a shift depending 
uppn the circumstances and the decision of the chief engineer. 

I'o train personnel to cope with emergencies, so-called mock-emer¬ 
gency exercises are periodically conducted. 

The subject of a mock-emergency exercise is worked out by the 
engineering staff in advance. Such exercises may be conducted directly 
on the operating equipment, or on equipment in repair or in reserve. 

As is advised in relevant instructions, linemen should be trained 
on lengths of line built for the purpose of training in the change of 
insulators, live-line work, etc. 

Operators learn much from briefings held at their work places by 
the engineering and managerial staff on the shortcomings noticed 
during rounds of their equipment. Each operator in a shift at an 
electric power station, substation or dispatcher’s office should bo 
given at least one on-the-spot briefing every month. 



CHAPTER 11 

SWITCHING OPERATIONS 


60. General 


Switching operations are performed whenever it is necessary to 
make a change in the connections, take a unit of equipment out for 
repair or when emergencies arise. 

Switching operations are the most responsible of the duties of 
operative personnel in generating stations and substations. They 
are classed as simple and multiple. 

For a correct switching a definite sequence is essential. As expe¬ 
rience has shown, most of the gross errors in the performance of oper¬ 
ative switchings are due to failure of attending personnel to follow 
the proper sequence. This is particularly true of simple switchings 
well known to the attendant and successfully performed by him 
very many times. These are the opening of an isolator switch under 
load, application of voltage to a temporary safety-earthing set left 
unremoved from a place where work has been completed, opening 
of a wrong circuit breaker. 


sw j lchin 2 rules * Switchings may only be entrusted to au- 
thonsed and competent personnel. 

AH switchings in substations with voltages over 1,000 volts should 

the oilTml b J 1 a ° T"’ ° ne m f n doi,, g the actual switching, 
rnLAi Tk standin S b y t0 see that he performs the operation 
correct y The man supervising the performance of the man doing 

rj lCh r e sha be higher in rank and have a safety rating ol 

in * nnp W « Gr ° UP v l u' The [ ating ° f the man Performing the switch- 

MX" - - uS UaSZeK^ s b ^ £ 

only when there aw 
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contacts Otherwise, a temporary safety-earthing set may only be 
applied by two attendants. * y 

All switching operations in the switchgear of electric power sta¬ 
tions and substations are performed on orders received from the 
chief operator of the system. 

Multiple switching operations in substations with voltages above 
1,000 volts are performed to written orders filled out on standard 
switching forms. A standard form is given below. 


Name of establishment 


Switching form 


SWITCHING FORM No. 10 

Name of installation_ 

(power station, substation, switchgear, power line) 
l^ ale: —-- Work began__ 

Work ended_ 


lirs 

hrs 


Task: Disconnect and earth 110-kv power line No. 2 
Sequence: 

1. Open No. 2 line circuit breaker. 

2. Prove that No. 2 line circuit breaker is fully open. 

3. Check to see that No. 2 line isolator switch is de-energised. 

4. Open No. 2 line isolator switch. 

5. Close earthing blade contacts of line No. 2. 

6. Open No. 2 line bus coupler for isolation from 2nd bus. 

Signed by- Signed by- 

(Person who performs the (Person who supervises the 

operations) operations) 

Notes: 1. This form must be filled in before any switching is to be per¬ 
formed. 

2. All operations should be entered in precisely the same sequence as will 
be actually followed. 


No switching forms are required for any simple switchings. 
Any switchings during the hours of peak load or at the end of a 
shift may be permitted only in cases of emergency. 


61. Operation of Isolators 

As a rule, isolators may only be operated after the circuit breaker 
has interrupted the load current. The reason is that isolators have 
no arc-control devices (Fig. 292). 

To minimise the consequences of wrong operation of isolators 
the following procedure has been established for an operator to 
observe should an arc strike. 

For the worm and worm-gear type of operating mechanism in 
which the switch blade moves slowly, a closing stroke must be 
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brought to completion irrespective of the arc. Should an arc strike on 
an opening stroke the blade should be immediately moved back. 
As a result, in both cases the arc is shunted and extinguished. 

For the lever type of operating mechanism by which the travel 
of the blade cannot be practically reversed, any operation once 
begun, whether closing or opening, must be completed under all 
circumstances in a resolute and quick manner. 



Fig. 292. Effect of isolator bus layout on probabil¬ 
ity °f short circuit due to false isolator operation 


Isolators may be used to break and make the following currents- 

(a) instrument transformers currents; 

(b) main-bus charging current; 

(c) power-transformer neutral current; 

(d) earth-fault currents up to 5 a in 20- to 35-kv power lines and 
up to 10 a in lines of 10-kv or lower voltage* 

(e) charging currents of overhead and underground cable lines 
ot the following voltage ratings and lengths- 

(I) overhead lines up to 20 kv, irrespective of length; 

(II) 35-kv overhead lines up to 30 km long; 

(III) 110-kv overhead lines up to 20 km long-’ 

t O ( 10 ) kmlong rOUnd CaI>le UneS WUh V ° ltageS Up t0 10 kv and U P 

Isolators may also be used for transfers from one bus to another 
In pole-mounted substations which are not equipped with cir- 

may break e Hne t fn re S’ P ° le mechanicall y-°Pe™ted isolator switches 
^0 10 kv ° S UP l ° 15 amperes at ,ine voltages up 

(I) up to 750 kva at up to 10 kv inclusive 
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(II) up to 5,600 kva at up to 20 kv inclusive 

(III) up to 20,000 kva at up to 35 kv inclusive, 

(I\) up to 31,500 kva at up to 110 kv inclusive 

On power transformers of 35-kv and higher rating the no-load 
currents may be switched on and off by horizontally mounted PJ1H 

< S0 a A°nV nSta ? d " lth an lncreased interphase distance of 2,000 mm 
for 110 kv, and not less than 1,200 mm for 35 kv. 

Under no circumstances shall isolators be used: 

(1) for on-load change over from the main to the transfer 
u u s, 

(2) for closing or opening a bus system when the circuit breaker 
is closed, except for the cases stated above. 

When single-pole isolators are used, the wrong opening of the blade 
will not produce a heavy arc, because the interrupted phase will 
have its voltage maintained by the other two phases. In such cases 
it is necessary to reclose the opened phase or immediately open the 
circuit breaker, but in no case should a second phase be opened, as 
then the isolator will break the load current. 


62. Examples of Simple Switchings 

The simplest switching operations include the connection or 
disconnection of underground cable and overhead lines and discon¬ 
nection of motors. 

The following procedure has been adopted for opening bus and 
line isolators: the circuit breaker is opened first, then the line iso¬ 
lators and finally the bus isolators are opened. With this sequence, 
should a line isolator be used wrongly to interrupt the load current, 
the protective relays of this bus will trip the circuit breaker open. 
Otherwise the substation busbars would be faulted. 

When a line is to be energised, the bus isolators are closed first, 
then the line isolators and, lastly, the circuit breaker. A wrong 
sequence with a bus isolator will cause a much more severe break¬ 
down than with a line isolator. Typical simple routine switchings 
used to take out a unit of equipment for repair or put it into opera¬ 
tion are discussed below. 

Swilch-out of a 10-kv cable line circuit breaker for repair. A call 
from a consumer informs that line No. 5 has been disconnected by 
the circuit breaker and line isolators (Fig. 293) at their end. 

The procedure for the operators: 

(1) check line No. 5 for load current with an ammeter; 

(2) open the circuit breaker of line No. 5; 

(3) hang a “Do Not Operate—Men at Work!” notice on the operat¬ 
ing-mechanism handle of the No. 5 line circuit breaker; 
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Fig. 293. Connec¬ 
tions when 10-kv 
cable line circuit 
breaker is to be 
switched out for re¬ 
pair 


(4) depending upon its type, check the position of the breaker by 
the tell-tale or the contacts to make sure that the No. 5 line 
circuit breaker is open, and then de-energise the operating mech¬ 
anism; 

(5) check to see that the line isolators on line 
No. 5 are de-energised and open them; 

(6) disconnect the No. 5 line bus isolators from 
the operating bus and check to see that they 
are fully open; 

(7) padlock the operating mechanisms of the 
opened No. 5 line isolators; 

(8) check to see that there is no voltage 
across the terminals of the No. 5 line circuit 
breaker and attach two temporary safety-earth¬ 
ing sets: one on the bus side, the other on the 
line side. 

Take-out for repair of one of two 10-kv cable 
lines using a common circuit breaker (the cell 
has fireproof barriers between the line isolators). 

To begin with, 10-kv cable No. 3 of line No. 

3+8 (Fig. 294) should be disconnected at the 

consumer’s end. If its length is more than 10 km, its charging 

current must never be interrupted with the isolators. 

M The procedure for the operators (for 

JfcSL* “P, t0 1° km long): 

wues* * check the cable with an ammeter 
Reserve for loacl current; 
buses (2) open No. 3 cable line isolators; 

(3) padlock the line-isolator operat¬ 
ing mechanism; 

(4) ban S a “Do Not Operate—Men at 
Work!” notice on the line-isolator operating 
mechanism; 

(5) inform the consumer that cable No. 3 

^ has been de-energised, after which the 

To consumer To consumer consumer may, with due precaution, apply 

Fig. 294. Connections a tera P orar y safety-earthing set, hang up 

the required warning notices and carry 
out the necessary repair work. 

Disconnection of a station auxiliary mo¬ 
tor for repair. The station’s engineer in 
charge has ordered that the electric motor 



- -O. ViUiiiictllUllS 

when one of two 10-kv 
cable lines fed in paral¬ 
lel through one circuit 
breaker is to be switched 
out for repair 
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The procedure for the operators: 

(1) give an order to the heat-power service department to put stand¬ 
by pipeline pump No. 4 into operation and take over the load from 
pump No. 3; 

(2) make sure that pump No. 4 and its motor operate nor¬ 
mally; 

(3) switch off the motor of pump No. 3 and hang a “Do Not Oper¬ 
ate Men at Work! notice on the control handle; 

(4) de-energise the operating mechanism of the circuit breaker 
of No. 3 pipeline pump motor; 

(5) draw the circuit breaker of the No. 3 pipeline pump motor 
out of its compartment into the repair position; 



Jo station 
Duses 


Q 3-kv Metot-claa 
^ switchgear 

n - 


hi 

No.* No. 3 


JO-Kir 

Switchgear Q nerntmn 
I buses 
—J—t— Reserve 
: . buses 




Fig 295. Connections 
when a station-auxiliary 
motor is to be taken out 
for repair 


Fig. 296. Connections 
when a 10-kv line is to be 
switched back into oper¬ 
ation after repair 


(6) check for absence of voltage, disconnect the supply cable from 
the motor terminals and short it; 

(7) take measures to prevent the motor from being turned by the 
pump (to be done by heat-power services department person¬ 
nel). 

Connection of 10-kv line after repair. An order has been received 
to switch in line No. 45 after repair (Fig. 296). 

The procedure for the operators: 

(1) remove No. 10 and No. 11 temporary safety-earthing sets de¬ 
vices from the circuit breaker and No. 12 safety-earthing set from 
the line isolators of line No. 45; also remove all warning notices 
and temporary guards; 

(2) check the tell-tale or the contacts to make sure that the No. 45 
line circuit breaker is open; 
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(3) unlock the line No. 45 line-isolator operating mechanisms; 

(4) close the bus isolators on the main bus side; 

(5) close the line isolators; 

(6) energise the No. 45 line circuit breaker operating mechanism; 

(7) close the circuit breaker; 

(8) inform the consumer that the voltage has been applied to line 
No. 45. 


63. Examples of Multiple Switchings 


The multiple switchings cover change-overs from one bus to anoth¬ 
er with and without the aid of bus couplers, the switching in and 
out of three-winding transformers, partial change-over from one set 


35 -kv 
switchgear 


Ooerating 

buses 

Reserve 
buses 


1 Ooerating 
buses 

Reserve 
buses 


of buses to another, etc. Below are two 
cases of multiple switchings. 

Disconnections for repairs associated 
with a transformer operated in parallel. 

It is necessary to open the connections 
of a transformer T x (Fig. 297) to carry 
out repairs on the circuit breakers on 
both the 10-kv and 35-kv sides. 

The procedure for the operators: 

(1) find out what load the transformer 
T t will have to carry after the transform¬ 
er T x has been taken off the line; 

(2) trip the circuit breaker on the 10-kv 
side of the transformer T v make sure that 
the transformer T t has taken over the 
load, and hang a “Do Not Operate—Men 
at Work!” notice on the breaker control 
key; 

(3) trip the 35-kv-side circuit break¬ 
er of the transformer 7\ and hang a 
“Do Not Operate—Men at Work!” notice 
on the breaker control key; 

(4) check the 10-kv-side circuit break¬ 
er of the transformer 7\ for complete 
opening and de-energise the circuit 
breaker operating mechanism; 

(5) check the 35-kv-side circuit breaker of the transformer T 
mechanism* 16 ° Pemng and de ' ener 8 ise the circuit breaker operating 

JUlT" } hG 1( !; kV i50 . lat ? rs of the transformer T , in order to dis- 
connect it from the mam bus, check the isolators for full opening 

and then padlock their operating mechanisms; P 8 



Fig. 297. Connections when 
a transformer operating in 
parallel with other units is 
to be switched out for re¬ 
pair 
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(7) open the 35-kv bus isolators of the transformer T in a a 
to disconnect it from the main bus check thVmT n'i order 

a "i P \ d '°, Ck their °P e “«“K mechanisms; the “ f ° r fuI1 

fhi in u V° S6e that ,he circuit breaker of the transformer T in 

in ( t 9 he C 35 C kv lV. C V ,hat ‘ he , circ “ U break « of the transformer T 

ing set 5 ™ V t S he b bu‘ side; ad and 3 tmp0t ^ 

(10) put up the necessary temporary guards hana nn ti, 0 
required by the safety rule s y and Ln alfowt’ repafr c^ews 6 ," C 

. . .. their work. 

interconnection n;*.™_«• t . 

circuits -Disconnection of buses for re- 


\ Bus Sff&f 
Bus sys. U 


Fig 298. Connections when a system 
of buses is to be taken out for repair 


inrerconnecnon n-_.. , . 

circuits Disconnection of buses for re- 

ln\ Z„t q P a ir. Bus I in a 10-kv substation 

mm? t0 be outed for repair (Fig. 

m A A 5 298 )- The contr °l s of the various 

d'lrenfconTro^isler 31611 *“ 

— ~i-1 1 I us sys The procedure for the oper- 

7 Jr Jr I ators: 

T T T 0 (1) examine bus II exter- 

9 ? § nally; 

j t Jq) c) O (2) adjust the protective relays 

' \y of the bus coupler circuit break¬ 

er for the lowest overcurrent 
\ l 2 h and time-delay settings; 

Fig m. Connections when a system c „lf > bUS C ° Upler Cir ' 

of buses is to be taken out for repair CU !/ V , a ,» 

(4) check to see that bus II 
is hot; 

(5) de-energise the operating mechanism of the bus coupler cir¬ 
cuit breaker; 

(6) close bus isolators L r%% L Tj , 7, L and L, of bus II and check 
them for full closing; 

(7) open bus isolators L Tv L Ttt T v L t and L, of bus I and check 
them for full opening; 

(8) transfer the instruments, relays and automatic controls from 
the voltage transformer of bus / to that of bus II; 

(9) using an ammeter, check to see that the bus coupler circuit 
breaker carries no load current; 

(10) energise the operating mechanism and trip the bus coupler 
circuit breaker; 

(11) de-energise the bus coupler circuit breaker operating 
mechanism and check its position at the breaker; 
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(12) open the bus coupler circuit breaker isolators of bus / and 
check them for full opening; 

(13) open the bus isolators of bus / voltage transformers; 

(14) padlock all operating mechanisms of the opened isolators 
of bus /; 

(15) check to see that bus / is dead and attach temporary safety¬ 
earthing sets where the repair work is to be conducted; 

(16) hang up the necessary warning notices, put up temporary 
guards and admit the repair crews. 



CHAPTER 12 

SWITCHGEAR MAINTENANCE 


Switchgear maintenance consists basically of: 

(1) inspections; 

(2) preventive maintenance; 

(3) repairs. 


64. Switchgear Inspection 

Periodic inspections of switchgear when it is in operation provide 
a check on its condition, reveal faults and defects which may de¬ 
velop during operation (failures in insulation, overheated connec¬ 
tions, etc.) and make it possible to take timely measures to remedy 
them. 

Attended substations should be inspected externally once a day. 
In addition, night inspections with lights off should be conducted 
at least once a week to reveal points of voltage or corona discharge 
and hot spots. 

Unattended installations should be inspected at least once a month. 

Each time a short circuit has been cleared, or the insulation is 
soiled heavily, or the weather is bad (wet snow, sleet storms, etc.), 
outdoor substations require more frequent inspection. 

All troubles and defects discovered during an inspection should 
be entered in an inspection log-book and remedied as soon as possible. 

On a regular round of inspection the person in charge should: 

(I) examine the insulators, busbar contacts and current-carrying 
parts of apparatus for overall condition; 

(II) inspect the knife switches and air circuit breakers for overall 
condition, the instruments for correct readings, the meters for miss¬ 
ing seals and the rotation of the discs; 

(III) examine the switchgear premises, the doors, windows and 
locks; make sure that the roofing does not leak, the heating system 
and ventilating facilities are in order; 
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(IV) test the alarm circuits for continuity and proper operation 
and safety aids for fit condition; 

(V) check the apparatus for oil level and absence of oil leakage; 

(VI) check the lighting circuits and earthing system; 

(VII) examine the stand-by equipment. 


65. Preventive Maintenance 


Preventive maintenance of electrical equipment primarily amounts 
to testing the insulation and contact resistance of the various pieces 
of equipment. 

Insulation resistance tests reveal defects and faults which cannot 
be discovered by external inspection. Though not upsetting normal 
operation of the equipment at the time of testing, these defects may 
later lead to a breakdown. 

Insulation defects may be due to a variety of causes, such as over¬ 
heating under overloads, excess moisture, mechanical injury, ageing, 
etc. 


For preventive purpose it is normal practice to test the insulation 
of support insulators, bushings, isolator and fuse insulators, cir¬ 
cuit breakers, instrument transformers, reactors, and lightning ar¬ 
resters. 

Several methods exist for insulation testing: measurement of in¬ 
sulation resistance, impulse tests, measurement of dielectric losses 
in the insulation, and measurement of leakage current. 

Measurement of the insulation resistance is the most generally 
used method for testing the insulation of switchgear equipment. 
This is done with 1,000- or 2,500-volt megohmmeters. 

The M-110 megohmmeter (Fig. 299) is designed to measure high 
resistances such as encountered in the insulation of electric circuits 
machine windings and various electrical installations. 

It incorporates a 500- and 1,000-volt d-c hand-driven generator 
' a double-moving-coil indicating instrument and fixed series 
resistors electrically connected with each other. When the operating 
handle is cranked, the current developed by the generator flows 
through the coils (making up the moving system) of the indicating 
instrument, and also through the series resistors. The magnetic 

thlm S - e «f UP a t r ° Und u th f m ° vin g coils b Y the currents flowing through 

„ n j Qt . era fJ w . lth the field of the permanent magnet (poles N 
and S) in the instrument. 

th J rurr d ft n^ C - i0 ?K ° f the “ oving system depends on the ratio of 
. , , s ln * be two coils. -The unknown resistance under test is 

With the Z: e T 7 ith r 0f the coils called the deflecting coil 
With the generator furnishing a constant voltage, the current flow- 
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ing through the deflecting coil is determined solely by the value 
of the resistance under test; thecurrent through the second (control) 
coil is independent of it. 

The reading error of the above megohmmeter due to variations 
in generator speed is within 1% of full-scale value. 

Insulation resistance may be tested with a megohmmeter only 
on de-energised circuits or equipment. 



Fig. 299. Schematic diagram of the M-110 megohmmeter 

For its ability to detect weak spots in insulation a megohmmeter 
depends on the fact that any deterioration in the insulation is ac¬ 
companied by a sharp drop in the insulation resistance of one phase 
relative to another or to earth. In the absence of any evidence of 
insulation breakdown, megohmmeter measurements mainly indicate 
the degree to which moisture has been absorbed by the insulation 
or deposits have accumulated on it. 

Moisture absorption is usually evaluated from the ratio of two 
values of insulation resistance measured with a megohmmeter, 
after 60 seconds and 15 seconds, respectively. This ratio is called 
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the coefficient of moisture absorption and is calculated by the equa¬ 
tion K=^ 

-“is 

where: K —coefficient of moisture absorption; 

/?, 0 — insulation resistance as measured by megohmmeter 

after 60 sec; 

insulation resistance as measured by megohmmeter 

after 15 sec. 

Damp insulation will have a coefficient value close to 1. As the 
insulation dries out, the coefficient rises and, when it becomes 1.3 
or greater, the insulation is considered to be dry. 

All insulation in a switchgear unit is also subjected to a test with 
d-c or a-c voltage. The magnitude of test voltage and the intervals 



Fif. 300. Circuit for proof testing insulation 
with a raised a-c voltage 


at which the tests are performed on the various units of switchgear 
as well as on the substation as a whole, depends upon the working 
voltage, type and operating conditions of the insulation. The best 
results are obtained with a-c test voltages, because in such cases 
the voltage gradients in the insulation are closer to those existing 

one* minute 3 ° peratl0n ‘ These P roof -test voltages are applied for 

# pj h , e P ro . of_tes t circuit is rather simple and the same for all elec- 
trical equipment of a power station or a substation. Fig. 300 shows 
he circuit used for testing the main insulation of a voltage Iran l 

ti’mT^he 1 rem C n eSt VOl -T' Th ® windings should be tested^ne at a 
hT t’rA.f rema,mn e wrings being shorted and earthed through 

mTnals of th^ e w* C T’ ^ V ° Uage is a PP lied to shorted Jr 
? f th ®. winding to be tested (Fig. 300) from a special trans¬ 
former in which one of the leads is earthed 

fdbution tl Js a th WO " h00k ° 301) Sl Tho 0 me'asure^^oltage^^is- 

tnbutton is then compared with characteristic curves plotted for 
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good insulators of the same type. The gradient will be lower across 
faulty units and higher across good ones. Fig. 302 gives the voltage 
distribution curves for a good 110-kv suspension insulator string 
(curve 1) and for the same string when the fourth unit is injured 
(curve 2). 

An insulator unit requires replacement when the voltage across 
it drops by a third to half of its normal share. 

The condition of oil-filled, compound-filled and bakelised-paper 
insulators and terminal bushings can be assessed on the basis of 
their dielectric losses. However, instead of dielectric loss which 
varies with the size of an insulator, it is more convenient to use 
what is known as the tangent of the loss angle or power factor which 



Fig 301. Suspension insulators being tested with a special test¬ 
ing stick 


is practically equal to the ratio of the leakage current to the capac¬ 
itive current, or tan 6=4-. The power factor is usually measured 

f C 

by suitable bridges. 

The power factor provides a check on the ageing of laminated in¬ 
sulating materials. With time they begin to separate and form voids 
where air can appear and moisture will ingress. These and other 
changes impair the quality of laminated insulations, and their di¬ 
electric losses increase. The dielectric power factor test is obligatory 
for all oil-filled, compound-filled, and bakelised-paper terminal 
bushings and for other types of equipment. Bushings with an in¬ 
creased dielectric power factor should be replaced. 

Preventive maintenance testing of switchgear equipment is usu¬ 
ally scheduled as follows: 

(a) on oil-blast and air-blast circuit breakers, their operating 
mechanisms, and remotely controlled operating mechanisms of iso¬ 
lators, concurrently with their overhauls; 

(b) on oil-immersed tank-type instrument transformers, at least 
every three years; 
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(c) on cast-in-concrete reactors, coupling capacitors, static capac¬ 
itors, at least every three years; 

(d) on 6- and 10-kv pin-type insulators, bus bridges and LL1T-30 
insulators, at least every year; 

(e) on HIT-35, MIU^-35 and OC-1 pin-type insulators, at least 
every two years; and on other types of apparatus and suspension 
insulators, at least every 6 years. 


Suspension 

units 



Voltage 

Fig. 302. Curves of voltage distribution along 110-kv susoen- 

S '°” .irmg lor »w when the string is htSltby Yn“3E£ 

the fourth unit in the string is defective 


at‘least re^errs' 0 "" 6 '" 0 " 3 a " d COnn,!Ctions t0 the apparatus, 
-Jntrare 'tesds^are*shortened! ““ Peri ° dS belWeen 

‘jss* i?Efo. , Sd 

lower than 35 kv these measuL,™, ter “ inal . bushin 8 s ratcd for 
power factor at +20°C should not exceed tlT °? tlonai ' The dielectric 
The insulation of a substaUon wflh 65 IlSted in Table 31 • 

,S t0Sted Wi ' h * commor cial-frequency voltage.''ICST 

T1-947 
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Table 31 


Power Factor of Terminal Bushings and Insulators 


Type of Insulator or bushing 

Dielectric power factor, per cent, for rated 

voltages (kv): 

3 to 10 

20 to 35 

110 

154 to 200 

Oil-filled. 



2 

2 

Bakelised-paper. 

5 

2.5 

2 


Bakelised-paper compound-filled 

5 

2.5 

2 

_ 

Compound-filled. 

3 

2 

2 

— 


each unit of a cemented post insulator and of a suspension insu¬ 
lator string should be 50 kv. 

The insulation of circuit breakers, with the bushings in place, 
should be tested with the commercial-frequency test voltages given 
in Table 32, applied for one minute. 

Table 32 


Proof-test Voltages for Circuit Breakers of Various Ratings 



Test voltage for insulators, 

kv 

Rated voltage 
of circuit breaker, 

for tests made 

for tests performed separately from 

breaker 

kv 

together with 




breaker 

outdoor equipment 

Indoor equipment 

3 

24 

27 

24 

6 

32 

35 

32 

10 

42 

46 

42 

15 

55 

60 

55 

20 

66 

73 

66 

35 

95 

105 

100 

110 

260 

285 

— 

154 

360 

400 

— 

220 

500 

550 



Busbar connections in outdoor switchgear and substations are 
tested by contact resistance measurements. The contact resistance 
of a busbar joint should be not greater than 1.2 times the resistance 

of the same length of the busbar proper. 

In addition to inspection and insulation tests, switchgear equip¬ 
ment should also be tested for proper functioning and specified per¬ 
formance. Among other things, the apparatus should be tested for 
positive closing and opening under service conditions of contro 
voltage and air pressure variations (where air-blast circuit breakers 
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are installed), for functional alignment of the associated assemblies 
in an apparatus, for the power or air requirements, etc. Tests and 
inspections, when thoroughly carried out, go a long way towards 
reliable and trouble-free operation of switchgear equipment. 


66. Notes on Switchgear Repair 

All repair involved in the maintenance of electrical equipment 
overhauls 0 aSS6 ° int ° routine (P reven tive-maintenance) repair and 

Hpfp**f Utine T P ?. ir !? resor J led t0 ' above »”• in ori« to remedy any 
defects or faults detected during inspections and, also, to locate 

and eliminate the causes of troubles observed in service 

tion^rh!/?^ iS USUaHy Carried 0ut as the need arises. In addi- 
Seasi aC n h c e o d “ led ea P re ™ n ‘-™-mainte„anee repairs are carried out at 

The preventive-maintenance repairs of substations and switch- 
gear equipment include the following- 

ini I n ) f^ th ° r °- ghvisUal i nspection of entire installation clean- 

fin ~wl q - mpm rA an , d a,so clean ing of the premises; 

fiih „p hl kin f ° f the fasten ings and busbar clamps and joints for 
tightness; replacement of damaged insulators; J 

S en basepla 1 t U es nCat,0n ° f P1VOt j ° intS in isolators - tightening"^ 
unSC? inspection 1ndTpTl“r 

necessary; 0 ‘ nigh-voltage fuses, when 

fviWhii" 8 of earthing system and connections- 
Mrumonts; 8 °' protccli ™ relays and indicating-metering in- 

Prior S U) D an*overhau I ^an e overhaul ^sheet"i:fd 0i| - fi " ed W”*"- 

lists all the abnormalities wWch must Up ' This sheet 

lions are ge°nera U ny ta schedui I e U d P ^ e, Jh e foi}™-" 8 . internal >" s Pec- 

ai^"breakers! ^ and 

of operations it has 


II* 
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point of installation, the overhaul period may be extended Un 
scheduled overhauls of oil-blast and air-blast breakers may be 
necessary after they have cleared more than four short circuits; 

(b) tor isolator remote-controlled operating mechanisms, not 
less than every three years; 

(c) for oil-immersed tank-type instrument transformers, not less 
than every nine years. 

The remaining switchgear equipment is given an overhaul when 
tlie preventive maintenance work shows the need for it. 

A typical overhaul will include the following: 

(I) an insulation test of bushings and internal insulation of cir¬ 
cuit breakers, a check on the condition of their moving and fixed 
contacts; 


(II) a check on the fixation of the contacts, arc-control chambers, 
and de-ion grids and their replacement when necessary; 

(III) a check on the circuit-breaker operating mechanism, the 
springs, bolts, nuts, cotter pins; a check on the condition of the 
breaker mechanism; trial openings and closings of the circuit 
breaker; adjustment of the contacts for simultaneous closure; inspec¬ 
tion of access covers, tanks, lifting mechanisms, gas vent assem¬ 
blies and safety valves; inspection of the signal and auxiliary switch 
contacts and cams; a check on the breaker position indicators, clean¬ 
ing and remounting of oil-level gauges, oil replenishment, replace¬ 
ment and purification; 

(IV) a check on the moving and fixed contacts of load-breaking 
isolators for reliable fixation and simultaneous closure in all the 
phases; a check for proper entry of all the poles into their arc-extin¬ 
guishing chambers; a feeler-gauge check for correct assembly of the 
arc-control chambers and for absence of gaps between the chamber 
halves; a check on the springs, bolts, nuts, and cotter pins; a check 
on the operating mechanism for overall condition and proper opera¬ 
tion; inspection of the auxiliary switch contacts and cams; a check 
on the automatic tripping of the load-breaking isolator for operation 
in the event of a fuse blow-out. 

As power circuit breakers are rather difficult to overhaul, a more 
detailed discussion follows. 


67. Overhaul of a Type BMr-133 
Minimum-oil Circuit Breaker 

Disassembly. Prior to disassembly, the oil is drained from the 
pots through the oil drain openings 11 (see Fig. 71). 

The flexible leads 13 and porcelain tie rods 11 (see Fig. 70) are 
removed, the clamping bolts 4 (see Fig. 74) are slackened, and the 
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pots are lifted off the support insulators one after another. For con¬ 
venience, the pots should be hung and clamped on a special stand 
(Fig. 303); the bolts 3 (see Fig. 83) are then unscrewed, and the bush¬ 
ing insulator 15 (see Fig. 70) is taken off. The clamping bolts of the 
stop clamps 0 (Fig. 304) on bakelised-paper sleeve 7 are unscrewed 
to free the clamp and spring 5, and 
the sleeve is taken out of the insu¬ 
lator. 

The pots are then taken apart in 
the order illustrated in Fig. 71. All 
the parts of the circuit breaker 
should be placed on a suitable 
rack. 

When the nut 15 holding the fixed 
cluster contact 1 in the pot is being 
unscrewed, the other two nuts 
used for securing the busbar to 
the cluster contact shank should be 
held against rotation with a span¬ 
ner. This also protects the sealing 
gasket 13 from possible injury. 

Insulator repair. The porcelain 
insulators and tie rods are inspect¬ 
ed for the same defects as other 
porcelain parts. Damaged insula¬ 
tors and porcelain tie rods should 
be replaced. 

The upper and lower leather col¬ 
lars 8 and 9 (see Fig. 304) are 

then examined. If heavily worn, the collars should be replaced 
I he internal surfaces of the bushing insulators fh* hoiHr a " 
paper sleeves taken out of them a ren o w washed wi,l\.‘ ‘ 

rods 12 (see Fig. 70) are smoothenedwith a Bln WhL the .“ nt “ a 
fused, they should be replaced. To do » thi t,? considerably 
vise and the rod is screwed off it A ♦’ * & V P ls clam P 0 d in a 
contact rod, their the^io.n? l ° the 

centre-punched at three points round the „• 3 , tf and the l, P is 

To disassemble the cluster contact, the screwsTm/^M 

™ uns ere we d t a ml" ^ h o Tb ol U *5* \v h i c h ° < 

to the body are hacked out. £££ 


carrying out 
maintenance work on a BMP-133 
breaker pot 
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on reassembly and removed for cleaning with a file. Heavily pitted 
fingers should be replaced. The pressure of the back-up springs is 
checked and the laminate insulation ring 4 is examined. Deformed 
or broken rings are replaced. 

The repaired contacts are washed in petrol and wiped dry. 

Arc-control chamber repair. The arc-control chambers 9 (Fig. 71) 
should be removed from their pots, carefully inspected, and cleaned 

of carbon deposits and dirt. All 
openings, clearances and gas vents 
are then examined. In the case of 
heavy damage, including marked 
pitting, deformed openings and 
vents, the chambers should be re¬ 
placed. 


Fig. 304. Bushing insulator of the Fig. 305. Cluster contact of 
BMIM33 circuit breaker: BMIM33 circuit breaker: 

i—porcelain bushing; 2 —cover-flange; /—finger plates (segments); 2 —finger 

j—sealing gasket; 4 — bakelised-paper back-up springs; 3 — screws; /—laminate¬ 
ring; 5—compression spring; 6—bolted insulation back ring; 5—bolts for 

stop clamp; 7—bakelised-paper sleeve; securing finger plates; 6—flexible lump- 
lower leather collar; 9—upper leather ers; 7—stop ring; 8 —contact body; 
collar; 10 —cap 9—shank of contact 

Arc-control chambers fit for further use should be cleaned and 
washed with transformer oil. 

Bakelised-paper sleeves 8 are then cleaned of traces of carbon 
deposits in the same way as the arc-control chambers 9. The damaged 
varnish coating is re-touched by applying a coat of air-drying in- 
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sulatirig varnish. Whenever through holes, cracks or scorched paper 
are detected in a sleeve, it should be replaced. 

Specia 1 attention should be devoted to proper operation of the 
•all valve 2 (Fig. /I). Under normal atmospheric pressure it should 
pass the oil from the pot into the reservoir, but must fully close the 
opening when the pressure rises. 

e<| T for °n!r? aUg f eS ’ a ," d ® I,er a " d draiu P lu 8 s should be cleaned and test¬ 
ed for proper functioning and tightness. The oil gauge should he ex¬ 
amined for communication with the oil reservoir. To do this some 
01 should be poured into the pot through the oil-filling hole If 

o uT l ort „ ;r„i he °'i !r el : n ‘ he ^ *»<»«»p* b\c „ m " 

q J p ’ . e 01 gauge and the valve function properly. 

orl „T S e 0 s ' rvrr:,L , : g -, m r haniSm - The °P erati "S ™chanism 
parts lubriratS th det f lled '"spection and cleaned, the rubbing 

for tightness ’ P re_t0Uched and a11 the fastenings checked 

To begin with, the bearings of the circuit breaker shaft 7 < Fi« 7 m 
are checked for excessive friction or binding To do so 1 

in Mh b fhfc e i r os°e P d n a„ n f ^ened 

The spring buffed and off d«h„ ? d Spring3 Should be "Placed. 

the same JnnTu 'S practica "y 

In the case of binding ov sehure -VT L 366 Fig ' 81 >- 

taken apart and washed with ‘ h , dfhpot it should be 

surfaces of the piston and ylinto houH he Wh<S ? n ~y- the 

grained emery paper The • .i d b sm00th «“i with fine- 

with clean transformer oil tben "-ambled and Oiled 

The spring buffer should be cleaned o“f Z oM ^ 

springs and the rod lubricated with , d lubr,cant » and the 
grease. JUDricated with petroleum jelly or antifreeze 

Re assembly of the circuit-breaker nnU Th. * 

tn reverse order. First the T he pots are ^-assembled 

base and the pot receiving the gasket 5 / tF?^^ *h* contact 
and given a coat of glyptal varnish- til g I ?1) should be leaned 
in place, taking care to screw lts n„t on is then P*“ 

In mounting the arc-control rhamh tightly as possible, 
just the distance between itTLtmm^V 3 ™ must be taken to ad- 

as? ? 3o ?-« ft s s-a 

— -C this 
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to the upper end of the steel pot (dimension A) is measured, then 
the height of the arc-control chamber when it is still out of the cy¬ 
linder (dimension B) is found. The chamber is now put into the pot 
and the distance from the chamber to the top end of the pot (di¬ 
mension C) is measured. 

The distance between the chamber and the cluster contact (di¬ 
mension D) can now be determined: D = A —(B-\-C). 



Fig. 306. Fitting of arc-control chamber in 
BMJT-133 circuit breaker pot 


The actual dimension D can be adjusted by inserting pressboard 
spacing rings between the plywood ring 12 and the pot 10 (Fig. 71), 
or by reducing the height of the plywood ring. 

The arc-control chamber should be set up so that the gas vents 
will face towards the support insulators. 

The bakelised-paper distance sleeves 8 should be put into the break¬ 
er pots so that their openings and slots are in line with their coun¬ 
terparts in the steel pots and their top ends are 2 to 4 mm below 
the edges of the steel pots (Fig. 306). 

In assembling the bushings, care must be taken to mount the ba¬ 
kelised-paper sleeve 7 (Fig. 304) so that the distance from the top 
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cap 10 to the end of the tube is 400 mm (depending on the model 
of the circuit breaker). 

The sealing ring 3 in the groove of the bushing cover should he 
cleaned and given a coat of thick bakelite varnish. The holts of the 
cover should be tightened uniformly, giving a turn to each one across 
from the other so that the bushing will not be misaligned relative 
to the steel pot. 

The contact surfaces of the flexible connections and the contact- 
rod lug should be thoroughly cleaned with fine-grained emery cloth 
and given a thin coat of petroleum jelly prior to assembly of 
the pots. 

After the contact rod has been inserted in its pot, it is lifted to a 
height corresponding to the open position of the breaker and allowed 
to fall in order to check it for seizure or binding in the same manner 
as when installing such a circuit breaker for r- 1 

the first time (see Sec. 14). cr * \ >>>>> •>,,!,Xk 

The assembled breaker pots are mounted UIrKT^lirilLj 

on the support insulators, and the break- ‘r'f'j 

er is aligned as during the original erec- 1 \ 1 

tion. _// Tiff ^ 


68. Overhaul of a Type MIT-229 m 1 

Oil Circuit Breaker I -6 

Kj 

Disassembly. The insulating interphase jtjf j] n 

barriers 7 (Fig. 98) are removed first and [/ l W 

then the gas manifold is detached from the fl V\ H 
circuit breaker and pushed aside to the // \\ H 

cell side wall where it is tied to the ceiling U- \\ 0 

beams. In order that the gas manifold can 

be swung out of the way, its joints should F3 ° 7 * L * ftin g of inter- 
be loosened, and the manifold turned about parts of breaker pot: 
tbe branch pipe. S? 

, ext the busbars are disconnected from 1 * ei ? a 1 . par t oi 

the circuit breaker, jumper beams 2 kCr P °' 

(Fig 307) are placed between the cross beams 1 blocks 3 are nttaoK a 

™ K5SS.-S ;3s,;sr a•• 

If.the main contacts show signs of r..o- j 

rough spots may be smoothed down with ? ltting ’ l tho 

have considerably damaged surfaces should b! replaced"‘ ' 
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,0^7^33 7l “ as th * ««««» 

When damage is detected on the fixed cluster contact it should 

t!TZ* r l r h 3 specia u 1 spanner and disassembled ° U,d 
The contact fingers with slightly damaged surfaces are sinmlv 

cleaned smooth, while those with a heavily pitted surface, aswell 

as all contact back-up springs 


unfit for further service, should 
be replaced. 

The arc-control chambers are 
repaired in the same manner as 
the chambers in BMT-133 oil 
circuit breakers. 

Insulator repair. Bushings are 
inspected and cleaned with clean 
soft rags moistened with petrol. 
Simultaneously the leather collar 
3 (Fig. 308) which serves as a 
seal in the upper part of the 
bushing is examined. If the col¬ 
lar is damaged, it should be 
removed after unscrewing the 
clamping nut 5 and the contact 
ring 4, and then replaced. The 
new collar should be placed so 
that it and the lugs of the con¬ 
tact ring fit closely to the rod 
passed through the bushing. With 
the collar in place, the nut 5 is 
tightened snugly. 

Concurrently, the cemented 
joints between the insulators 
and their mounting flanges are 
examined and given several coats 
of glyptal varnish. 

Where some of the cement has 



Fig. 308. Bushing insulator of the 
MIT-229 circuit breaker; 

1 — flange; 2—porcelain bushing; 3 — collar. 
4—contact ring; 5 —round clamping nut 
with outside thread; c —upper flange of 
copper tube; 7—electrical pressboard wash¬ 
er; 8 —copper tube; 9—lower flange of cop¬ 
per tube; 10 —aluminium washer 


crumbled out, it should be 
patched up. If an insulator has to be entirely re-cemented, it should 
be sent to a repair shop. 

Support insulators should be replaced as described below. 

A chain hoist of 0.5-ton capacity is suspended from the cross beam 
1 (Fig. 309) and the necessary pot is lifted off after loosening the 
clamping ring 8 (Fig. 310). With the cylinder lifted out of the way 
with the hoist, the bolts which secure the upper flange 5 are un¬ 
screwed and the insulator is removed. The head 7 is then taken off 
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from the insulator by clamping the latter in a vise to unscrew the 
bolt 1 with a box spanner. 

When mounting the head piece on the shoulder of the insulator, 
the upper flange 5 and electrical pressboard gaskets 3 are first put 
in place, the bolt 1, complete with a steel washer and the necessary 
gaskets, is inserted and screwed down as tightly as possible. Next 
comes the assembled insulator, which is set up on the lower flange 4 



Fig. 309. Removal of a 
breaker pot: 


/—cross beams; 
hoist; 3 — sling; 

pot 


2 —chain 
4 — breaker 



Fig ;u 31 ?;£°Li' x VP 0Tt insulator of 
the MIT-229 circuit breaker: 

/—bolt; -steel washer; j—gaskets- 
lower flange; 5 — upper flange'* 
6 — porcelain Insulator; 7 — head 8 0 f 
insulator; 8 —clamping ring 


a o : d r The *- 

filling the pipes are then washed and all tho Ce !?, m baUs ° r pebbles 
baffle assembly are cleaned If tho nrf . th otber partS of the oiI ' 

replaced, it is essenti^to provide a 4 ^ t0 bo 

and the bakelised-paper tube 2 g J between the adapter 

the *» lhe vent 

■a n,t installed (see 
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tem and its base 1 should be sealed with bakelite varnish to make 
it tight. 

The circuit breaker is adjusted and prepared for service in the 
same way as when newly installing it. 



Fig. 311. Oil-baffle assembly: 

J-base; ?—b^eUsed-^pcr tube; J-space filled with porcelain balls or pebbles; 
if—porcelain adapter; 5 — gasket; 6 — elbow; 7—pressure stud; 5—nut on pressure 

stud; 9—lock nut; 10 —baffle screen 


69. Overhaul of Type BM-35 and BM/J-35 
Oil Circuit Breakers 

Disassembly. To begin with, the oil should be drained from the 
breaker tanks through oil-drain valves 1 (see Fig. 170), and the 
breaker brought into the open position. 

The tanks are then lowered and removed, the internal parts of 
each circuit breaker are inspected after removing the shields 3 
which seal off the axial-blast chambers and the metallised shield 
surfaces are inspected. If they are damaged, tin-plate linings should 
be attached to the shields. 

Now the rods 16 , guide tubes 4, axial-blast chambers 14 and ac¬ 
tuating linkage 8 are wiped with clean rags, while examining the 
insulating parts of the circuit breaker for scratches and raised 
laminations. 

At this time, also the cross-arm 2 carrying the moving contacts 
is checked for reliable fixation to the lift rod 16, which, in turn, 
should be securely attached to the breaker mechanism. If the mov¬ 
ing contacts are pitted, they should be smoothened with a file. 
Contacts which are heavily damaged or have been filed down several 
times during previous repairs should be replaced. 

The axial-blast chambers are then dismantled, their parts are 
washed with transformer oil, and the pots are reassembled. If the 
chambers have textolite or metal bolts, they should be replaced with 
wooden components. The fixed contact should be smoothened if 
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slightly pitted, or replaced. All back-up springs in the fixed con¬ 
tacts which have lost their resilience should also be replaced. 

The current transformers are then checked for fixation, the ply¬ 
wood tank insulation is examined; it should not have any metal 
nails on its surfaces (except for its upper and lower parts). 

The circuit breaker is closed and opened manually for a check 

on its mechanism which should show no signs of significant friction 
or binding. 

A defective terminal bushing, if any, should be replaced. To do 
this, the axial-blast pots and the current transformer should be 
removed, following which the bolts securing the bushing to the top 
plate of the circuit breaker should be unscrewed. 

The position of the bushing being installed is adjusted by proper 

tightening of the bolts on the flange. It is essential to set the bushing 
in line with the other bushings. 

«hn,?M U T nt i y With braaker repair the °P erat > n g mechanism 
should also be inspected and repaired. 

th ? f pa L r ’ i the . C ‘ rCuit breaker and operating mechanism 
are separately checked for unobstructed operation and absence of 

th^rTJE* S f P l Cia attent ! on sh °uld be paid to the shafts which couple 
hi m * breaker and operating mechanism. They should be free 

nr by hai L d and n , ot be bent * If the breaker mechanism 

eliminated" If n ?hrh h T 1Sm bl , nds * the cause of binding should bo 
th^ l t d m If K th bind } n f 1S due t0 misalignment of the bearings 
they should be centred by adjustment with shims. At the same 

anT'mounUng!' C ° UPl,n ® Sh ° U ' d be examined P^per assembly 

After the repair the circuit breaker should be adjusted for ioint 
operation with the operating mechanism in the s me m nn r a 
when the circuit breaker is first installed (see Sec. 28). 


70. Overhaul of an MKII-35 Oil Circuit Breaker 

detacbabl^'u^wb^ch^^ien^eavUyHpitted “"‘T T “ d 

for replacement y P ^ ed ’ can be easi ly removed 

to D oS im “ 

taLeTa^tt 6 uTs^ the' ^ 
and cap and table, oflfhe cove‘ 
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be free from cracks. Its level should be sufficient to cover the end 
of the bakelised-paper tube but should at the same time be within 
about 20 mm of the edge of the porcelain shell. 

In assembling the upper sealing joint, it is essential that the rub¬ 
ber gasket 2 under the cover 10 is placed properly and that the bush¬ 
ing conductor rod 13 is tightly sealed. 

The lower bakelised-paper sleeve of the bushing should be checked 
for scratches, cracks or raised layers. 

I he bushings should be checked for fixation to the breaker top 
plate by tightening the bolts while taking care not to change the 
angle at which they have been set up by the manufacturer. 

Bushings with cracked or chipped porcelain, compound leaks or 
diluted compound should be replaced. 


71. Overhaul of an Mr-110 
Oil Circuit Breaker 

To begin with, the oil is drained and the arc-control device is 
taken apart. 

For this, the relief valves 13 (Fig. 200) are taken off, the pipe in¬ 
serts 14 (absent in breakers made after 1957) are pulled out, and the 
bolts 11 fastening the housings 15 to the flanges of the porcelain 
shells 8 are removed. The flexible connections are disconnected from 
the covers of the arc-control devices, and their housings are lift¬ 
ed off. 

Next the spring valves 12 are removed, the nuts holding the arc- 
control devices are unscrewed, and the inner assemblies are taken 
out of their sleeves 7. If these assemblies are difficult to pull out, 
it will be a good plan to close the breaker slowly with a screw jack, 
and the contact rods 18 will do the job. 

The inner assemblies and bakelised-paper sleeves are thoroughly 
cleaned of all deposits and metal particles, using clean lint-free rags 
moistened with petrol for this purpose. Special attention should 
be paid in cleaning the barriers 16 in the detachable parts near the 
arc-control vents and the inside of the vents. 

At the same time the external surfaces of the bakelised-paper 
sleeves 7 and the internal surfaces of the porcelain shells 8 are cleaned, 
using a steel rod with a rag wrapped around its end for this 
purpose. For cleaning, the rod should be inserted between the 
porcelain shell and the bakelised-paper sleeve. 

After they have been cleaned of carbon deposit, the spring valves 
12, inside tubes 14 and housings 15 are washed with clean oil. 

The pitted contacts are smoothened with a file, wiped with a clean 
rag, and given a thin coat of petroleum jelly. 
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Even though not fused, the ki- 
rite alloy contact tips should be 
smoothened with a file just prior to 
filling the circuit breaker with oil. 

The distance between the Fixed 
contacts 10 and intermediate con¬ 
tacts 17 in the inner assembly of 
the arc-control unit should con¬ 
form to the dimension 47 mm, ac¬ 
curate to within —1, or -f-2 mm. 
If it does not, it must be attained 
by replacing the fused or worn 
contacts. 

Then the inner assemblies of the 
arc-control devices (without their 
spring valves) are put in place, and 
the travel of the moving contacts in¬ 
side the fixed contacts 10 is checked. 
To do so, the inner assembly 
is secured in place for the time 
being with two nuts across the cover 
(at top and bottom), and the dist¬ 
ance is measured through the open¬ 
ing A (Fig. 312) in the cover 1 be¬ 
tween its surface and the head of 
the bolt 9 to which the fixed con¬ 
tact 7 is attached. The measurement 
is taken in both the closed and 
open position of the breaker. The 
difference between the two measure¬ 
ments is the travel of the moving 
contacts inside the fixed ones and 

should be 15^2 mm. To avoid mis¬ 
takes in measurement, the end of 
the measuring rod should be thrust 
up against the bolt head or the bot- 

lhe slot in tlie bolt head 
in both measurements. 

If this in-contact travel of the 

contacts is other than specified 

the moving contact rod should be 

adjusted. For this, the breaker 



Fig. 312. Detachable part of arc- 
control unit in Mr-1 lOcircuit break¬ 
er: 

i — £*5,... copper-metallised cover: 
4 tPTinm« h? rt t,on: 3 ~ textolltedlsk; 

ln?n™!S. b ? rrler: 5-10x101110 SleCVC 

o Intcipiedlate contact; 7—fixed con- 
toct; 0 kT toll to distance piece- 
9 10 —flexible connectors 


“75 2SrnL rem T d u the nut lockin e the clevis 4 on the 

mechanism leva p"u edTut thiS ,tta 

punea out, and the clevis screwed on or off until 
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the necessary length is obtained. The clevis and lever are counled 
again, and the clevis is locked with the nut. P 

If the moving contact rods are heavily pitted and their threaded 
cnd> cannot be screwed into the toggles deep enough for adjustment 



Fig. 313. Lower actuating linkage housing: 

i—oil dashpot; 2 — oil dashpot piston rod; 3 —internal lev¬ 
er (welded to shaft); 4— lower end of Insulating rod; ,5 — 
clevis screwed on lower end of insulating rod; 6—brass 
bushes; 7—double-arm lever for connecting interpole tie 
rods and operating-mechanism tic rod; 8— shaft; 0 —pack¬ 
ing of asbestos yarn Impregnated with graphite lubricant; 
10 —spring; li —oil drain plug 


(less than 10 mm), they should be replaced. To accomplish this, 
the cover carrying the oil gauge 19 (Fig. 200) is removed, the nuts 
locking the clevises 4 are unscrewed, the pivot pins are pulled out, 



the clevises are screwed off, and the levers to which they are coupled 
are removed 


C IC1UUYCU. 

The pitted contact rods are then taken out for replacement by 
withdrawing them from the openings in the flanges 6, turning their 
free ends downward, and pulling them 
out together with their flexible connec¬ 
tors 20, through the top access opening 
in the linkage housing. Next the push 
rods are removed, for which purpose the 
pin 7 (Fig. 203) connecting the upper end 
fitting of the rod with the shackles 2, 
and the pin joining the clevis 5 and rod 
4 (Fig. 313) with the internal lever 3 are 
pulled out; the push rod and clevis to¬ 
gether are taken out through the top 
access opening in the linkage housing. 

The position of the clevis on its push rod 
end fitting should be marked to facilitate 
reassembly and to avoid readjust¬ 
ments of push rod length. 

Such an overhaul may involve tempo¬ 
rary removal or replacement of a 
porcelain shell. Before the shell may be 
put back in place, it should be washed 
with petrol and its rubber gasket should 
be given a coat of varnish. The shell 
should be mounted so that the largest 
clearance between it and the bakelised- 
paper sleeve is at the bottom. 

To avoid any damage to the porcelain 
nuts holding down the shell should be 
tightened uniformly round the bolt 
circle. 

Sometimes it maybe necessary to re¬ 
place a bakelised-paper sleeve (Fig 314) 

The new one should be set up so that 
the three textolite lugs 4 receiving the 

upper part of the 

I ii • * it will be good 

?°‘' c „ y 'J' SpeCt the smal > w tring con- 

fusionVom tlTontctsTfTheTom ° 1 

apply a coat of petroleutn ^ J TZ' ^ 



Fig. 314. Bakelised-paper 
sleeve of arc-control unit: 

i—steel studs; 2—steel lui?-! 
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72. Overhaul of an MKIT-110 
Oil Circuit Breaker 

Before an MKITI-110 oil circuit breaker can be overhauled the oil 
should be drained from its tanks by connecting the drain cocks to the 
0,1 p.jnng "■‘th a flexible hose and then opening the oil-drain cocks. 

,, .' e 011 haa drained, the covers on the tank manholesfi 
(Fig. 206) are unbolted to obtain access to the internal assemblies 
and parts of the breaker for repair. A jacking device is then set up 

ings ° peratmg mechanism lFi *- 213 ) f °r manual closings and open- 

I'he bottom of each tank covered with boards and a ladder is 
placed on them for inside work. 

Before dismantling the arc-control chambers, the breaker is closed 
and opened manually to check the operation of the tie rods, levers 
and the associated mechanisms. After this, the jumpers connecting 
the shunting resistors 24 (Fig. 208) and the arc-control chambers 
are removed and the shunting resistors are lifted off. 

To obtain access to the moving contacts in the arc-control cham¬ 
bers for inspection, the screws 3 are undone and the shields 15 are 
taken off. Next the bolts 14 are unscrewed and the insulating rod .9, 
lower cover, spring assembly 1, contact jumpers, flexible connec¬ 
tors 2 and lower contact 16 are removed as one unit by turning it 
through nearly 90 degrees and pulling it out of the arc-control 
chamber. 

Whether or not the arc-control chambers have to be taken further 
apart depends upon the condition of the contacts. If they are in 
good shape, the contacts may be washed and the inside of the bake- 
lite sleeves cleaned with transformer oil without removing them 
from the arc-control chambers. If the contacts are pitted and show 
a heavy deposit of carbon, the sleeve and fixed contacts will have 
to be dismantled. For this purpose, the bolts 23 holding the retain¬ 
ing ring 21 against the contact bushing 22 are unscrewed leaving 
one bolt about which the ring and sleeve can be turned together and 
the sleeve can be taken out of the ring, exercising utmost care not 
to bend the bolt or break the ring. The sleeve should be taken out 
of the tank and into the repair shop for dismantling so as not to 
scratch the insulation. In the shop the sleeve should be put on a pad 
of soft material. 

Next the bolts 6 are unscrewed and the cover 7 is taken off from the 
arc-control chamber. Now all parts of the chamber are thoroughJy 
examined, cleaned and washed with transformer oil. The bakelised- 
paper parts are examined for cracks and lamination and the cermet 
arc-quenching plates for reliable soldering to the contact jumpers. 
Traces of pitting on the contact surfaces should be removed on a 
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grind wheel or with a coarse-cut file. The machined contact surfaces 
are checked for perpendicularity to the axis of the contact with a 
rule, square edge and caliper. 

If the contacts have worn down by more than 2 mm, they should 
be replaced. J 

Where kirite (copper-tungsten cermet) plates have to be replaced 
they should be brazed to the circuit breaker contacts with an oxv- 
acetylene torch and IIMLJ-36 copper-zinc brazing solder. 

a rJHo SC0I ? hed ^ an ^ blac J <ened insulating parts within the chambers 
are cleaned and given three coats of No. 4C oil varnish allowing 
each coat to dry at 15° to 20°C. At the same time the spdngsTarf 

h The e ^/° r r eS1 16nCe 3nd flex,bIecon nectors 2 for reliable fastening 

thJcL ?K ng J eS ? St ? rS 3re Checked in the same manner as when 
the circuit breaker is first installed (see the end of Sec. 32) 

Before reassembly of the arc-control chambers all the Darts 

preyed air P Iwt-free rags, or, better, blown off with com- 

After the arc-control chambers have been assemhlpri . 

^ 2 ^ °^ inSU,ating rod - ch“ : d ;e h h: , ^y 

‘e n d th Z a a P r'‘ minate 8Uide bl0CkS — »„ y 

through before completing the as emb y oi the^chamber/The' 10 '^ 

MKn h Hi d oUcircr U b lla, i eOUSly - tSlTl mm. C °"‘ 

control chambers of inafeq^iat 0 3 pc p q j. a |ii ^ ^ ^rc 

ments < shoufd'be made^ fheTr^ 

holeTmmt diameter slmuld^^drUle^ne^th^^^H 0 ^ 1 ^^ 8 ^^ 
symmetrical to the existing hole This hnlp 1 Si fi 5 e ?„ co , ntact and 

" ThS Umi 1 nTe r ;t 0 r f ap b s ak o e „ li the d r PaP d r °" Wl “ 

new^trapsl‘X HtteTsoTbt E 
The moving contacts should be replaced w^th bl ° Ck the gas vents - 
an insulating coating. Instead of thi«!„ , th " ew contacts having 

nbre - in the —--«asreusr« 
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150 4 varnish . P ul ' e d together by textoiite studs, and baked in an 
oven at a temperature up to 70=C for fi to 8 hours 

During an overhaul, the insulated lift rods are checked for cracks 
laminations the strength of the joint between the rod and the end 

be replaced movement in the g^es. Defective rods should 

see°.h C *r,r ly A ,he ! ift r0dS their « uides shouId checked to 
see 'hot they have been properly suspended. Each lift rod should 

be plumbed, and the guide should be adjusted so that the radial 
clearance between the guide and rod is 1 to 1.5 mm. The manufac¬ 
turer s instructions permit light contact between the lift rods and 

, lr S B uldes - The guides are then fastened at their tops with holts 
and split spring washers. 

The contact rods should be cleaned of traces of fusion and carbon 
deposit. When pitted deeper than 2 mm, the rod tips should be 
replaced. At the same time the contact rods are checked for fixa¬ 
tion in the cross-arm, and the stop screws are tested for tight¬ 
ness. 


The terminal bushings on the circuit breaker are examined for 
cracks in the upper and lower porcelain shells and chipped spots 
on their surfaces. After this the porcelain is wiped with lint-free 
clean rags moistened with petrol. 

The cemented joints between the porcelain shells and their flanges 
are also examined and given several coats of air-drying varnish. 
Where local crumbling of the cement is detected, it should be re- 
patched in place and given three coats of natural boiled linseed 
oil or varnish, allowing each coat to dry fully. When a terminal 
bushing requires complete recementing, it must be sent to a repair 
shop. 

The terminal bushings are also checked for reliable fixation to 
the breaker top plate. For this, the fixing bolts should be tightened, 
giving a quarter-turn at a time to the bolt across from the previous 
one. At the same time, it is necessary to see that the rubber gasket 
is good and properly placed. 

The top of each bushing should be examined to see that the entry 
of the terminal rod is reliably sealed. 

When a bushing has to be replaced, the arc-quenching assembly 
is first removed, the bolts clamping the bushing holder to the cast- 
iron current transformer casing are unscrewed, and the bushing is 
lifted off with a crane or some other hoisting facility in the same 
manner as when installing a modernised MKIT-110 breaker. The 
new bushing is mounted much as it is during the initial installation 
of the circuit breaker. 

As part of an overhaul, the pebbles filling the oil baffles are washed, 
the gas vents and valves cleaned, the relief valves checked for 
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their membranes, and the oil-level gauges and the oil-filling and 
oil-drain cocks on the circuit-breaker tanks are checked and cleaned. 

The tank insulation is also checked and repaired, if necessary, 
and the nuts on the fastenings are tightened. 

To prevpnt the ingress of moisture through the clamping bolt 
holes in the breaker top plate, the manufacturer’s instructions 
recommend that during an overhaul the spring washers should be 
replaced by flat washers and tow packing coated with bakelite 
varnish. 


73. Maintenance of Air-blast 
Circuit Breakers 

In-service inspection and care. Air-blast circuit breakers, while 
in service, should be inspected daily and also after every closing 
or opening operation. 

The main point to be watched in an inspection is the pressure in 
the air receivers, which should be between 16 and 21 atm gauge for 
nonreclosing types and 19 to 21 atm gauge for automatically re- 
dosing types, as read from the pressure gauge in the control cabinet. 

1 he porcelain of the supporting columns is checked for mechani¬ 
cal injury, dust, and defects where the porcelain is secured to the 
breaker truck. 

By reference to the blow-off indicator, the ball of which should 
be near the red mark on the indicator body, it is determined whether 

15 - a U lS im P erm T iss » b l e to use a circuit breaker with a 
defective air-drying system. It is also necessary to see that the in- 
t rrupter-chamber seals have not been blown out by the compressed 

flans arlTfnnv 6 w 0pe , ration of the ^aker, that the exhaust hood 
flaps are fully shut, and, in winter, that there are no signs of icing — 

a condition en irdy intolerable. Ice formation should also be 
watched for on he breaker as a whole, and on the fixed contact of the 
S? ?!°E m part,cu ! ar - Air leakage, if any, is detected by listening 
The ak nn g c; e f- r0m f h *l ls ? la . tor dashpot by Visual inspection. S ' 
.v 1 , p° s,tl0n . of the isolator contact blades is checked next In 

beLer* d b P ° Slti ?, n , the UP ° f 6acU male blade should be entire y 
the Si h i, pa , ralIel l aws of fixed contact. In the open position 

Torino Sh ? Uld mak6 an an * le of 73 de grees with the horizontal 

tacts and thi°hro pr0vlde a check on whether the isolator coni 
P^von d tiro b • . ker terminal connections have been overheated 
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Preventive maintenance repair covers the following operations- 

1. preparation for repair; 

2. disconnection of the circuit breaker, preparation of the location 
around the circuit breaker, and admission of the repair crew to 
the circuit breaker; 

3. a resistance test of the interrupter contacts (performed by spe¬ 
cial crew); 

4. inspection and repair of the isolator mechanism and blade 
(without their dismantling); 

5. inspection and repair of the isolator fixed contact (without 
dismantling); 

6. inspection and repair of electrical components in the control 
cabinet and inspection of its other assemblies; 

7. inspection and repair of air distribution cabinet components; 

8. performance tests and checks (carried out by special crews). 

In addition, the air receivers should be opened once a year and 

all bolted joints checked and tightened, if necessary, at the same time. 

In conclusion, the breaker is reconnected to the feed mains and 
the air pressure is raised in its receivers. 

The circuit breaker is then closed and opened locally. If the trial 
closing and opening operations are satisfactory, the circuit breaker 
is again operated by remote control and prepared for putting into 
service. 

Overhaul. The overhaul period for this type of circuit breaker 
is two years. In an overhaul, all the parts and assemblies of the cir¬ 
cuit breaker are repaired, including the arc interrupter unit, the 
isolator, its mechanism, the support column, the isolator contact 
and its insulator stack, the electrical and pneumatic components 
in the control cabinet, and the air receivers. Worn or unsatisfactory 
parts are replaced. 

The air distributor cabinet is repaired concurrently with the cir¬ 
cuit breaker. 

A typical overhaul includes the following: 

1. preparation for repair; 

2. disconnection of the circuit breaker, release of the air from 
the air receivers, and admission of the repair crews to the location; 

3. demounting and repair of the arc interrupter units; 

4. repair of the isolator mechanism and blade; 

5. repair of the isolator fixed contact; 

6. repair of control cabinet components, including the pneumatic 

devices; 

7. repair of the air receivers; 

8. assembly of breaker poles; 

9. repair of air distributor cabinet components; 

10. adjustment and testing of each breaker pole. 
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After the overhaul, the circuit breaker is formally accepted for 
service, reconnected to the line, and put into operation. 

The main support insulator containing the air lines should also 
be given an inspection during an overhaul. It should be taken apart 
and cleaned at least every four years and as the need may arise. 


74. Possible Troubles 

in the Main Types of Circuit Breakers and Their Remedy 

er Ihp b ?L ake r failS 10 f lose ' thc r,rst lhiD S to check is whoth- 

,m‘ f s ‘"J h ? cl “ sm « s »l™oid circuit has blown. In some cases 
^ indicated by the respective signal lamp going out, in which 
case the blown fuse should be replaced ’ 

voLTZ' ?hT ker m f y ' 1S ° f l H t0 Cl0se because of reduced control- 
shnnM ho h operating mechanism, in which case the voltage 
should be raised to its normal value g 

1ts' en m e e?Sc a al d s C y ‘“m * ^ *° 566 « 

thel, be e re y „fa a c U ed 'nit!? * break in the contactor coil, which should 
ihe n y lout be 'filed 6 T^TcT “ f ° U " d be haavi * 

plunger^because ^velopt^pul. a, Us 

The defective coil should be^Uher re^^d^oct^^f^ C ° ilS ' 

too tighurcomp^d-lrso^n e sh ke, !d t0 h S6e ‘ hat “ S Sprin « is not 
A circuit breaker may fail t’o k d be P l rtially relcased ' 
of the trip-coil core or in the closing ml? 81 - 86 ^ int f rlock contacts 
cases they should be cleaned and food- < ? r S U J t are fault Y- In such 
It is not improbable that the trouble^d^/ 01 * proper operation, 
ing solenoid sticking in the* coil Th ! rJ^ l ° the , core of th e clos- 

' grease ° S6ne - ~ 3* 

vice. Thjs°may be “due to*blowiM of’thef* l ° ° Pe ? when U is in ser- 
voltage or a break in the trip circuit a n^tb? the tr * P circuit ’ low 
trip-coil. The remedies for thLe fan L d S e COre sticki "g in the 
of the circuit breaker to close " e ^ Same as for Mures 



CHAPTER 13 

POWER TRANSFORMER OPERATION AND MAINTENANCE 

Transformers are among the simplest items of electrical equip¬ 
ment in construction, are reliable in service and convenient to oper¬ 
ate and maintain. Transformer maintenance mainly includes pe¬ 
riodic supervision of its operation, timely inspection, preventive 
maintenance and overhauls, and control of its temperature and 
load. A special feature of transformer operation and maintenance 
is constant watch on the oil, which serves not only as insulation, 
but also as the cooling medium. 

Early detection of any slight changes in the physical and chemical 
properties of the oil makes it possible to take timely measures to 
eliminate troubles in the transformer and preclude grave breakdowns. 
This calls for knowledge of oil behaviour in transformers. 


75. Transformer Oil Maintenance 

The properties of oil important to transformer operation are elec¬ 
tric strength (breakdown voltage), flashpoint, viscosity, and acidity, 
and also the moisture and mechanical impurities content. Any change 
in the properties is a sign of oil deterioration due to some trouble 
in the transformer which must be immediately remedied. 

Lowered flash point. The most common cause is known as crack¬ 
ing (decomposition) of oil due to local overheating (“burning” of 
the core). The overheating may be due to several internal faults, 
such as breakdown of the insulation between the core steel lami¬ 
nations, poor contact in the tap changer switch, windings or termi¬ 
nals under the cover, and a partial turn-to-turn short circuit in a 
winding which provides a closed circuit for a heavy current. 

Mechanical impurities hinder normal cooling of the transformer, 
foul the windings and may also lead to a voltage flash-over on the 
insulation as they can form a leakage path. 
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Increased viscosity of the oil impairs transformer cooling because 
it decreases the rate of oil circulation and results in a higher temper¬ 
ature rise of the oil and the unit as a whole. 

Reduced electric strength may lead to a winding-insulation break¬ 
down and failure of the transformer. Reduced electric strength is a 
sign that the oil contains moisture and organic acids which have 
appeared as a result of oil deterioration. 

Increased acidity leads to deterioration of the transformer-winding 
insulation. 

To avoid the adverse conditions listed above, relevant standards 
set the respective figures for the properties of oil, both fresh and 
used (see Table 33), as well as the intervals of time at which samples 
should be taken from transformers and other oil-filled apparatus. 
A knowledge of these standards is essential if such equipment is 
to be maintained efficiently. 


Table 33 


Properties of Transformer Insulating Oil 


Oil property 


Electric strength (min), for ratings 

up to 10 kv. 

Same, for ratings 11 to 35 kv . ! ! 
Same, for ratings 35 to 220 kv . . . 
Same, for ratings 200 to 500 kv . . 
Moisture, mechanical impurities, 

semi-colloidal carbon. 

Flash point, °C (rain) 

Acidity value (max). 

Viscosity, Engler units (max) 

(a) at 20° C .......... 

(b) at 50° C. 


Fresh oil 


Oil In servirc 


35 kv 
35 kv 
40 kv 
50 kv 

None 
135° C 

0.05 mg KOH/kg 

4.2 

1.8 


20 kv 
25 kv 
35 kv 
45 kv 

None 

max 5°C lower 
0.4 mg KOH/kg 

4.2 

1.8 


hSsirr'<>?“ subjected to iaboratory iests at ^ w- 

° U from transformers and apparatus rated for up to 10 kv in¬ 
clusive: a proximate analysis at least every three years: oil from 
transformers and apparatus rated for 10 tS 35 kv inclusive- a breT 
down test once a year and a proximate analysis at least every three 

(b) oil from transformers and apparatus for higher than 35 W- 
a breakdown test and a proximate analysis once a year 

5 ®. f . rom se ?lc<i transformers: a breakdown test every two years- 

(d) o,l from 0 , 1 -filled bushings: a proximate analysis once a'yean 
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imi e t ) e°a„l;y“ s atranSf0rmer0raPParatUS after an a pro,- 

sawsssare 
■rp- “~r“ s “ ■■“«=•“' =U.sr 

A proximity analysis includes determination of flash point elec- 

nu itl s CUg a d aC ‘ d 7 Va ' Ue ’ sem *" c °M°>dal carbon, mechanical 
punties, and moisture. 


lm- 


Deterioration °/ t f ansformer 011 is brought about by overheating. 

, servi . c ® ** fe ° f the 0,1 in a transformer is halved if its temper¬ 
ature is 10 C above normal. When a transformer is in service the 
max^um temperature rise of the top layers of the oil should not 
exceed bO C above an ambient temperature of +35 5 C. However, 
if oil is to have a longer service life, transformers should be operated 
so that top-oil temperature does not exceed 85 °C. Large transformers 
ha\ e de\ ices which set off an alarm when this temperature is exceeded. 


* 76. Transformer Overloads 

In the course of a day, and also depending upon the season of 
the year, the load on a transformer will not remain constant, which 
fact brings about variations in the temperature at which the trans¬ 
former is operating. 

A winding temperature rise of 70°C to some value below it reduces 
the rate of deterioration of the winding insulation and extends 
transformer service life. Therefore, the overloads should be limited 
to values which will not cause temperatures in excess of the one 
given above, so that transformer service life will be not shorter 
than 20 to 25 years. Transformer overloads may be continuous and 
emergency. 

Table 34 summarises continuous-load limits for all types of power 
transformers at different load factors. 

The rule for determining the permissible continuous loading of 
transformers is as follows. A transformer may be overloaded con¬ 
tinuously 1 per cent above its rating in winter for each per cent that 
its maximum daily average load is below its rated kva in summer, 
but by not more than 15 per cent. It is possible to observe both of 
the above limits, but then the overload must not exceed 30%. 

All conventional types of self-cooled oil-immersed transformers 
may be allowed to carry emergency overloads for the period of time 
needed to bring in a stand-by unit. This emergency overload is 
independent of the previous load, ambient temperature and the 
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Table 3f 

Limits of Continuous Transformer Overloads 


Load factor (deter¬ 
mined from daily 
load schedule) 

Per cent limits and duration of overloads 

2 hours 

4 hours 

6 hours 

8 hours 

10 hours 

12 hours 

0.5 

28 

24 

20 

16 

■ 

12 

7 

0.6 

23 

20 

17 

14 

10 

6 

0.7 

17.5 

15 

12.5 

10 

7 5 

5 

0.75 

14 

12 

10 

8 

6 

4 

0.8 

11.5 

10 

8.5 

7 

5 5 

3 

0.85 

0.9 

8 

4 

7 

3 

6 

2 

4.5 

3 

Cl 

2 


transformer location. The limits and durations of emergency over 
loads are: 


Load in per cent of rated kva 

ISO 

160 

175 

200 

Permissible duration, min 

120 

45 

20 

10 


o! F o 0 v r erlord s yP are: raI1St0rmerS permissible limits »»4 durations 


Load In per cent of rated kva 

no 

120 

130 

140 

150 

160 

Permissible duration, min 

75 

60 

48 

35 

20 

5 


. 77. Transformer Inspection 

ten R r e Ia „VtTa P n e s fZe^ Vi ““ ‘° the °™" and main- 

disconnecting‘them dRily with ° u ‘ 

attended installations e”ejyByedays ,n in 
the transformers should be inspected*^ «t 1 p«? d d installations 
transformer substations, at m ° nth ’ a " d Rt 

transfZrU a ne ,d s e tandinro n n d the?r°rfd sh r ou ' d ' ins P e ^ a power 

or bay outside tho guard ba'ier An'fnsn r, ‘ h ° tr “ S , former cell 

* ara carrier. An inspector may go beyond the 



guard only if the lower flanges of the bushings on the transformer 
tank cover are at least 2 metres above floor level and the unguarded 

ive parts above the passageway are at least 2.75 metres above floor 

kne for a working voltage of 35 kv, and 3.5 metres for a voltage 
of 110 kv. ** 

Off-schedule transformer inspections are made when the ambient 
temperature has changed sharply, each time a transformer has been 
disconnected by its protective devices, or a warning signal has come 
from the Buchholz relay. 

I he points to be watched during an inspection of power trans- 

formers are: 

(a) the approaches and passages to the substation should not be 
obstructed; 

(b) the fences, guards, doors, window and ventilating openings, 
and the structure as a whole should be intact, and the roof should 
not be leaky; 

(c) the thermometers and pressure gauges should read accurately; 

(d) the transformer tanks should be intact, no oil should leak 
at the tank cover joints, flanges and drain valves, the oil level in 
the conservator should be sufficient for the prevailing temperature, 
and the oil-filled bushings should be filled with oil; 

(e) the oil-cooler and oil-sump should be in working condition; 
the bushings and lightning arresters should be free from breaks; 
there should be no dust or dirt on them, the tank and other surfaces; 

(f) the busbars and cables should be free from damage and any 
signs of heating at their joints; 

(g) the lighting facilities, alarm system and the spark gap fuses 
should be in working condition; 

(h) the earthing system and the fire fighting equipment should 
be in good order; 

(i) the conservator should be free to communicate with the trans¬ 
former tank, which condition can be checked by draining some oil 
through the pet cock and watching the oil level in the gauge glass 
drop; 

(j) whether or not much moisture and sludge has accumulated at 
the bottom of the conservator; 

(k) the continuous oil purifiers and the thermosyphou filters 
should operate normally, and the breathers should be charged 
with fresh silicagel. 

Any troubles or defects discovered during an inspection should 
be remedied at the earliest possible occasion; in cases of emergency 
or an accident, the unit must be immediately disconnected from the 
line. 

Power transformers should be disconnected from the line in the 
following cases: 
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(a) loud and undulating humming and crackling can be heard in 
the transformer; 

(b) the temperature rise of the transformer is abnormal and con¬ 
tinuously increasing at rated load and cooling conditions; 

(c) oil has been expelled from the conservator, or the safety mem¬ 
brane in the gas vent pipe has burst; 

(d) the oil has been leaking and its level has dropped in the oil 
gauge; 

(e) the oil has undergone a change in colour (several steps on the 
colour scale); 

(f) the porcelain on the bushings is cracked or chipped, creeping 
charges have appeared on the surface, or traces of flash-over have 
been found; 

(g) the oil contains semi-colloidal carbon, moisture, and mechan¬ 
ical impurities, or it has increased acidity, lowered breakdown 
voltage, and a flash point which is more than 5°C below that of 
the previous test; the insulation resistance has decreased by more 

than 50% of its original value, or in relation to the value stated 
by the manufacturer. 


78. Maintenance of the Buehholz Relay 

Any fault which occurs inside a transformer is generally accompa¬ 
nied by the evolution of gas. Therefore, each transformer is equipped 
with a gas-sensing Buehholz relay. It has alarm and tripping contacts 

hp a h v^ri?H dl H e t K W n ni, !i ? D *i 6 giVGn and a ma i° r breakdown can 
be averted. If the Buehholz relay is to operate efficiently, the trans- 

former should be set so that its tank cover has a rising slope of at 

least 1 to 1.5 per cent in the direction of the relay. The oil piping 

* r f °“ tba lT t l Qsl0 ™ eT . t0 the conservator should have a rising slope 
of no 1 Jess than 2 to 4 per cent. Audible warning will be given when 
a r finds its way into the transformer, when the oil level slowly falls 

° W ]T Pe /vf tUre ? r 0il leakage ’ and also when minor faults 
F °TT d by the evolution of small amounts of gas occur. 

False alarm may be sounded when a through short circuit causes 
the oil to rush through the Buehholz relay and also when the small 
wiring at the relay is faulty due to the fact that the insulation is 

often damaged by the oil. To avoid such cases, the wiring to the relav 
should have oil-resistant insulation. wiring to me relay 

tP^n eXaminati °, n ° f the gas from tho Buehholz relay can give at 

Sfwrts *•"» 
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fault has occurred in the transformer, and the latter must be immcd- 
lately switched out for repair. 

The nature of the fault in a transformer can also be identified 
by the colour of the gas in the relay (Table 35). 


Table 35 

Transformer Faults 
as Identified by Colour of Gas 


Colour of gas 

Source of fault 

White-grey 

Paper or pressboard 

Yellow 

Wooden parts 

Black 

Oil 


To ignite the gas for a test, the flame should be brought from aside 
and above the test cock. To avoid an explosion, the flame should 
never be brought to the opened conservator or access opening in the 
transformer. • 

If, when the Buchholz relay has given an alarm, there is a stand¬ 
by transformer available, the load should be transferred to the lat¬ 
ter. The faulty transformer should be then examined to determine 
the cause of operation of the Buchholz relay. 

When noninflammable gases are regularly evolved from the oil in 
the transformer, the oil should be tested for its methane and hydro¬ 
gen content. If their content gradually increases, the transformer 
should be switched out for repair, since this is an indication that 
the oil is being cracked by arcing. If the oil level drops due to de¬ 
creasing ambient temperature, some more oil should be added. Since 
fresh oil gives off bubbles of air, it is usual to defer connecting the 
relay tripping contacts for some time in order to prevent false trip¬ 
ping. If the Buchholz relay has operated due to a cause other than 
accumulation of air in the transformer, the oil should be tested for 
flash point. 

When the Buchholz relay has disconnected the transformer 
from the line due to an internal fault, the transformer may only 
be switched back after the windings and core assembly have been 
inspected and tested. 


79. Transformer Repair 

Routine, preventive maintenance work on power transformers 
(without removing the windings and core) with the transformer 
disconnected from the line, is carried out in accordance with the 
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conditions of operation obtaining and in conformity with local 
regulations, but at least every year. 

Overhauls of power transformers (with the windings and core as¬ 
sembly lifted out) are carried out after 5 years of service. Subsequent 
overhauls are scheduled on the strength of inspections and tests. 

Routine preventive maintenance consists in cleaning the bushings 
and cover; inspecting all contact joints, the conservator, gas vent 
pipe, testing the Buchholz relay, etc., which usually takes 6 to 8 
hours to complete. 

Overhauls are performed with the windings and core assembly 
lifted out and also include an internal inspection of the transformer 
i. e., of the magnetic circuit, all clamping bolts and other bolted 
joints, windings, contact joints and insulation; cleaning of the 
tank and conservator, replacement of all gaskets, and all standard 
tests 1 he tune required for an overhaul of a transformer is one to 
ten days, depending upon its size. 



CHAPTER \\ 

OPERATION AND MAINTENANCE OF ALTERNATORS 

80. General 

The fundamental unit of an electric power station is the synchro¬ 
nous generator or alternator, the machine which generates the alter¬ 
nating current. 

With a steam turbine as its prime mover, it is called a turbogener¬ 
ator or turboalternator (Figs 315, 316, 317). Water-wheel gener¬ 
ator or water-wheel alternator is the name given to an alternator 
driven by a water turbine. 

The duties of electrical attendant personnel in supervision of a 
running generator. Constant watch on and care of a running genera¬ 
tor as a whole and its various parts is entrusted to the turbine-house 
operator. 

He should listen to the generator, check the temperature of its 
bearings and the cooling air, keep watch on the brushgear, and keep 
the unit clean. He should immediately inform electrical maintenance 
personnel of any abnormal or faulty operation detected in the 
generator. 

The electrical attendant personnel also keep continuous watch on 
operation of the generator (or generators), namely: 

1. Keep continuous records of stator voltage and current, exciter 
voltage and current, active and reactive power, loads, kwh output, 
and the temperature of the windings, stator core, and cooling medi¬ 
um. A regular check should also be kept on the symmetry of the sta¬ 
tor currents of each generator by means of the ammeters connected 
in each phase or one ammeter and a selector switch. A general view 
of the generator controls on a main control board is shown in Fig. 318. 

2. Test the insulation resistance of the excitation circuit with a 
voltmeter once a shift by measuring the voltages F, and F 2 between 
each rotor collector ring and the generator shaft, and the voltage 
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E between the collector rings. The insulation resistance is calculated 
by the equation: 

r ins~ r o ( jr^y — 1 j x 10~ 8 megohms, 


where: r 0 internal resistance of the voltmeter (anywhere between 
50,000 and 100,000 ohms). 



General a TB . 60 _ 2 turbo . 


p ins^/ali^rrs^cL^ a ho S ^ d Ci ^e a^runnin^ m achioe 

ticuTaTbTblowing ca'rbon'dus” oTuhe l ^ al ^ ion ^sSe.Tn Jar- 
air, cleaning the brushgear etc If the insid*^ Wlt - h com P res sed 

be restored with the unit running thil.h .l 1 ? res,s tance cannot 
period. running this should be done during a repair 

insula^. C ° nSUnt WalCh » th * <=°»*tion of the stator winding 
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Fin 317 ■ General view of the stator of a 100 MW, hydrogen- 

cooled turbogenerator 















The insulation resistance of the stator winding should be tested 
during shutdowns with a 1,000-2,500-volt megohmmeter. No 
particular value is specified by standards. A good plan, however, 
will be to compare the results of a test with those of the previous one. 
When the insulation resistance sharply decreases (3 to 5 times), 
the cause should he identified and measures taken to eliminate it.' 

4. Examine, every 7 to 10 days, the insulating pads under the tur¬ 
bogenerator hearing pedestals. In a running generator, an alternat- 



Fig 318 Generator controls on a main control board 
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insulation lias deteriorated, and the voltmeter V 2 will read less 
than the voltmeter l',. 

5. Assist in maintaining the station’s daily schedule of active 
load, and voltage or reactive power. 



Fig. 319. Paths of bearing currents in a turbine-generator set 
J— generator; 2—exciter; 3 — turbine; 3 — insulating pads 


The daily active and reactive load schedule determines how much 
power a station should deliver or distribute every hour. The schedule 
comes from the chief operator of the system and should be followed 
without fail. Guided by this schedule, the station’s engineer divides 
the load between the generating units, and the attending personnel 
maintains it constant. 



(b) 


Fig. 320. Measuring for resistance of bearing insu¬ 
lation during operation of turbogenerator; 

a—reading of voltage across the ends of the shaft; b—read¬ 
ing of voltage between the bearing and the bedplate at 
the underbearing Insulation; (J—Jumper used to shunt 

lubricatlng-oli film). 

The necessary active or kw load is maintained by controlling 
the rate of steam flow into the steam turbine or the rate of water flow 
into the water turbine and watching the wattmeters. 

The prescribed voltage or reactive load is maintained by measur¬ 
ing the excitation current of one or several generators. A larger 
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exciting current corresponds to a larger stator current and a greater 
reactive load on the generator, and a higher voltage at its terminals. 
Conversely, a smaller excitation current corresponds to a smaller 
stator current, a smaller reactive load on the generator, and a lower 
voltage at its terminals. 

At present the voltage of generators rated at 3,000 kw and higher 
is regulated automatically by voltage regulators which are adjusted 
so that when the voltage drops due to an emergency in the system, it 
is raised by varying the maximum Geld current. In addition, the 
excitation circuit incorporates a Geld rheostat for manual voltage 
adjustments. 

Though the operators can obtain a complete picture of how the 
various pieces of station plant function from the respective instru¬ 
ments, they should make a round of the generator once a shift in 
order to: 


(a) listen to the running generator for any deviation from normal 
operation; 

(b) check the temperature rise of the bearings, stator and exciter; 

(c) inspect the brushgear of the generator and exciter; sparking, 
if any is noticed is eliminated by adjusting the spring pressure, 
cleaning the brushes, collector rings and exciter commutator; 

(a) detect any heating in current-carrying parts with the aid of a 
temperature indicator and by changes in colour; 

cniK- f C * reful, y j ns P ect the entire relay equipment, the alarm cir- 
u f f , I l V re l . t0 11 0 P erate properly. This same procedure of in- 
pections should be followed after each external short circuit. 


81. Abnormal Operating Conditions 
and Troubles of Generators 

Overloads. All overloads are harmful to the stator and rotor in- 
u auon because the temperature rise causes the copper to elongate 
hus deforming the end windings. This, in turn, may lead to furn 

“ot bTlotdeTC r ° H Vi " d M n8S ' Be J CaUSe ° f this ' generators should 

than is^ermL^oT ™ l8 . Peti0dS ° f time with '"rents greater 
SLi?- ® 1 a g,ven tem Pcrature of the cooling air or g as 

Overcurrent ratio 
Duration, minutes . 
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Earth faults. Generator operation with an earth fault existing in 

hm.^ ei wS t0r ‘ V ° tag t C f irC , UH may be l0,erated f °r not more than hvo 
!n When an e l rlh fau,t a PP ears »n the rotor winding of a genera¬ 
tor the operator should identify and locate the fault. In the case of a 

suaamed and solid earth fault, the protection of the excitation sys¬ 
tem against double earth faults should be switched in y 

an earth fault in its rotor winding should be 
taken off the line for repair at the earliest opportunity. 

mbalanced loads. Turbogenerators are designed to carry full 

!ont C f°r» . US J y With the phases ,oaded equally to within 10 per 
cent of the rated stator current. Water-wheel generators are designed 



Fig. 321. Paths of currents induced in the 
rotor of a turbogenerator by the negative- 
sequence magnetic field 


to do the same with the phases loaded equally to within 20 per cent. 
In both cases the current in any one phase should not exceed its rated 
value. Whenever load unbalance grows excessive, measures should be 
taken to reduce it. In the case of failure to do so within 2 minutes, 
the load should be disconnected, and the generator switched off the 
line. This should be done because under unbalanced load the revolv¬ 
ing magnetic field of the stator winding fluctuates greatly in magni¬ 
tude and causes negative-sequence fluxes to appear. As a result, 
double-frequency currents are induced in the field winding and the ro¬ 
tor core (Fig. 321). They give rise to additional losses both in the 
metallic parts of the rotor and in the field winding proper and result 
in dangerous hot spots. 

Asynchronous running condition. Operation in the asynchronous 
running condition which occurs when the excitation disappears dur¬ 
ing operation may be tolerated for 30 minutes. The load which the 
generator may be allowed to carry in such cases is determined 
by test. 

Disconnection by relays. If the generator has been switched off 
the line by its relays because of an internal fault, the insulation 
resistance of the stator and rotor windings must be tested, the gener¬ 
ator inspected, and its associated equipment and cables checked. 
If the generator has been switched out by an overcurrent relay due to 
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a short circuit in the system or on the station buses, it may 
be put into operation. 

Appearance of the “Machine in Danger” signal. Should an emergen¬ 
cy occur in the generator or the turbine (fire, flames, smoke, heavy 
vibration, etc.), calling for immediate disconnection of the genera- 
tor, the set operator should strike the emergency automatic trip of 
the turbine and relay the “Machine in Danger” signal to the control 
board at once. The control board engineer should immediately make 
sure to remove its kw load, disconnect the machine from the line, 
and switch off the excitation current. 

Sparking. All measures should be taken to eliminate heavy spark¬ 
ing on the exciter commutator or the generator collector rings. 
If necessary, the excitation current should be decreased, or the kw 
and reactive load lowered to a point where sparking ceases. If, again, 
t ns fails to stop the sparking, it is necessary to change over to a 
stand-by source of excitation current. 

A generator in which a turn-to-turn short circuit has developed in 
the rotor winding should be immediately taken off the line. 

Motor action of a generator does not present a danger to it for any 
interval of time, unless the associated turbine imposes any limita- 


82. Generator Preventive Maintenance 
Generator preventive maintenance includes- 

J&asSSSS’Mawa 
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(/) Testing of exciter armature-winding insulation relative to the 
frame and the wire banding with 1,000 volts a.c. for one minute. 

(b) Resistance tests of generator bearing insulation to bed-plate 

with the oil lines joined. The insulation resistance should be not less 
than 1 megohm. 

(9) Measurement of vibration. The vibration of bearings in syn¬ 
chronous generators and synchronous condensers should not exceed 
0.18 mm at 62.5 to 187.5 rpm (rated); 0.12 mm at 214 to 375 rpra 
(rated); 0.10 mm at 500 to 1,000 rpm (rated); 0.07 mm at 1,500 rpm 
(rated); and 0.05 mm at 3,000 rpm (rated). 

(10) Measurement of air gaps between stator and rotor. Under the 
Soviet Code, the air gaps across the diameter shall not differ by more 
than 2 per cent of the average value in water-wheel generators, and 
by more than 10 per cent of the average in turbogenerators and syn¬ 
chronous condensers. 

(11) Plotting of a three-phase short-circuit characteristic. In the 
case of synchronous condensers this is obligatory only when they have 
a starting motor. The difference between the short-circuit character¬ 
istic thus obtained and that given by the manufacturer should be 
within the limits of instrumental accuracy. 

(12) Testing of the bearing insulation relative to the bed-plate 
when the set is in operation. The voltage across the rotor shaft should 
equal the voltage between the bearing and the bed-plate, with the oil 
films of the bearings shorted. 

(13) Testing of the generator synchronising circuits with syn¬ 
chronising voltage in cases when work has been done on them. 


83. Generator Repair 

All generators are regularly subjected to preventive-maintenance 
repairs and overhauls. 

Preventive-maintenance repair includes; 

(a) inspection and cleaning of the stator-winding end coils and 
generator leads; 

(b) inspection and cleaning of the gas coolers, chambers and fil¬ 
ters of the cooling system; 

(c) inspection and cleaning of the exciter and the apparatus in the 
excitation circuits; 

(d) inspection and cleaning of the associated switchgear. 

A typical overhaul of a generator coversi 

(a) the stator and rotor; 

(b) the exciter; 

(c) the excitation system; 

(d) the shaft and thrust bearings; 
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(e) the gas coolers and cooling-system filters; 

(f) the associated switchgear and auxiliary equipment. 

Turbogenerators are overhauled after one year’s service and there¬ 
after at one to two years’ intervals. Water-wheel-type generators 
have an overhaul period of two years. In the U.S.S.R., a district 
power authority has the right to extend this period to three years or 
more if the turbogenerator in question can be expected to operate 
without trouble. 


The rotor of a turbogenerator is pulled out of the stator for inspec¬ 
tion and repair after one year’s service and whenever necessary 
afterwards, but at least every five years. 

The rotor of a hydrogenerator is pulled out as the need may arise. 
Drying-out of generators. After an overhaul, generators are put 
into operation without drying out. Newly installed generators may 
have to be dried out, depending on how moist their insulation is. 
The need for drying out is determined by special instructions. 
Generators may be dried out either prior to or during installation by 
one of the following methods: 

(1) by heating the stator core with a magnetic field set up by a spe¬ 
cial exciting winding or by the rotor shaft; 

(2) by heating the winding with direct current or hot-air blowers, 
both methods are employed when the generator is at a standstill. 
Generators may also be dried out under load. 

A generator is considered dried out when, at a steady tempera¬ 
ture, insulation resistance and the ^ ratio remain constant for three 

to five hours after an initial rise. “ 

The rotor winding can be dried out: 

(1) with direct current from an independent source; 
using hot-air blowers; 

?) conc urrently with the stator, the rotor being inserted. 

,ance r ° SerT consld ? red dried out when its insulation resis- 

for three houre ’ rGmainS COnstant at uot less thau °- 5 megohms 




CHAPTER 15 

MAINTENANCE OF OVERHEAD LINES 

84. General 

In the Soviet Union every power system has, as a rule, a ramified 
network of overhead lines which cover a large area. For convenience 
in control, operation and maintenance, the entire network is divided 
into districts, each including a number of substations and lines. Each 
such district is managed by a district office which has its own staff 

of operatives and maintenance men, workshops, transport facilities 
etc. 

The lines in each district are, in turn, subdivided into line sections 
for which patrol posts and line-service stations are responsible. 

A patrol post is the primary link in the line-maintenance set-up. 
Such posts are staffed by two patrolmen residing at their post, who 
make periodic inspections of the lines in their subdistrict. 

The line-service stations carry out routine maintenance work on 
the line sections. These stations employ several repair crews, each 
consisting of 4 to 5 linesmen, and have their own trucks, materials 
storehouse, and a repair shop. A line-service station is headed by a 
senior linesman. 

The patrol posts and line-service stations within a district have 
telephone communication with one another and with their district 
office. 

The duties of overhead line servicing personnel are: 

(1) To maintain periodic inspection over the lines and to detect 
any faults which may lead to line outages. 

(2) To perform the necessary repairs. 

• 85. Inspection of Overhead Lines 

Regular inspections (patrolling). Regular inspections over line 
sections are maintained by patrolmen. 

The frequency of inspection depends on the country and the im¬ 
portance of the lines and is usually fixed by the chief engineer of a 
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given system. For the lines of industrial enterprises the frequency of 
inspection is fixed by their chief power engineers. In both cases, the 
interval should be at least every 3 months. 

The main points to be watched by patrols are: 

(a) Metal supports: tilted supports; deformed cross-arms and earth- 
wire supports; settled or bulging soil around support foundations; 
yielding of foundations, cracks or breaks in them above the ground 
line; missing nuts on the anchor bolts; rust and. cracks (especially 
at joints and gussets); cracked welded joints and poor riveted and 
bolted joints. 

(b) Wood-pole supports: tilted supports; misaligned support parts 
(cross-arms, etc.); earth poorly banked up around support poles; 
missing bolts and nuts; short thread on bolts; broken or loosened wire 
binders; missing keys and wedges; rotted, burned or split support 
poles. 

(c) Conductors and earth-wires: foreign objects on conductors or 
earth-wires; excessive tension or sag; improper clearances; conductor 
corrosion, vibration, ice formation. 


(d) Line accessories and joints: defective clamps, sleeves and con¬ 
nectors; cracks in clamps and similar parts; missing bolts, washers 
or cotter pins; loosened nuts; signs of overheating on clamps or con¬ 
nectors; conductors slipping in their clamps; loose earth-wire; faulty 
cross loop at anchor supports (loop too near to tower part or bent); 
and loosened fixation of a conductor to an insulator. 

(e) Insulators: broken porcelain, burned and fused spots on the glaze 
traces of fusion and burning on the insulator and fittings; dirty 
insulators; deflected suspension strings; missing locks or cotter pins in 
suspension strings; spindles slipping out of insulator caps; bent pins 
and spindles; rusty fittings; noticeable corona. 

(f) Earthing equipment: damaged or broken earth-wires at the 

ing clamps kt m rhTr P s Ct0r StapleS ° n SUPP ° rtS ’ and miSS ' 

(g) Lightning arresters: burned or damaged arcing horns and rings* 

wronlTa^SnTs: ' USed eleCtr ° dCS ^ th6 “ S - k 

neat' nMimhft 11, P a <- rolra en should have to report on stacks of hay, 

S dLairTn !L P1 i ed ° n !> he wa yleave and on trees which have become 
p ? g „. t0 l ! le hne and must be felled or trimmed. 

* ™a '? n r ary when trees and shrubs are being planted 

2 mo ! e ', fe^fed. or blasted, cable and pipe lines laid electric 

and near the waXve 63 er “ Cted ’ ° r unloadin S areas cleared within 

£? - k « 8 to M2 
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All faults and abnormalities delected by the patrolman should 
be entered in a Patrol Report tear-off notebook. The form of this 
Patrol Report is given below. 

District No._ 

Patrol Report 

(Tenr off orislnnl and send to district office. Leave duplicate In notebook). 

Name of line____ 

No. of line support. Noticed faults and abnormalities:_ 


(write in detail) 


Condition of waylcave: 


Inspection carried out from support No_to support No. 

44 -" -, 196- by patrolman - 

(day) (month) 

Keport accepted "-” -, 196- 

(day) (month) 

Signed by- 

Back from a round of the line, the patrolman reports to bis supe¬ 
rior and enters the notes from his Patrol Report in a special log-book 
kept at the patrol post or at the line-service station. The original 
of the Patrol Report is sent to the district office, and the carbon copy 
is left in the patrolman’s notebook. 

Follow-up entries are made in the log-book after the faults and 
abnormalities detected by the patrolman have been remedied. 

Minor defects on the lower parts of supports, such as, loosened bolt¬ 
ed joints and wire bindings, loose warning sings, etc., are fixed by 
patrolmen. They should by no means climb supports, for even if the 
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line is dead, it may be closed at any instant. Patrolmen should never 
walk under the conductors, but a short distance away from them. 

When a broken conductor is discovered, the patrolman should 
post guards within at least 8 to 10 metres of the broken conductor, 
warning the guards that closer approach is dangerous to life. If there 
is no one to put on watch, the linesman should remove the warning 
notices from the nearest two or three supports, put them up near the 
broken conductor, inform the district office of the break by tele¬ 
phone, return to the break, and wait for an emergency crew to 
arrive. 

Special inspections. Inspections of this nature are made after wind 
storms, heavy rains, thunderstorms, etc. Their purpose is to detect 
any damage or breakage on the line and to take the necessary meas¬ 
ures. 

Special inspections should also be made after severe frosts, as the 
sharp drop in temperature may result in the breaking of separate 
strands in a conductor, porcelain insulators, etc., due to increased 
tension. Night inspections for corona, surface leakage, and overheat¬ 
ed conductor joints also come under this heading. 

Special inspections are conducted by appointed crews under an en¬ 
gineer. 

Emergency inspections. Emergency inspections should follow each 
automatic trip-out of a line, irrespective of whether it has been re¬ 
closed or not to locate and identify the fault and estimate the amount 
of repair involved. 

Emergency inspections are conducted by emergency crews. In 
the most serious cases, and on especially vital lines aircraft may be 
used. 


Support-head inspections. Many faults on the lines, including con¬ 
ductors damaged by clamps, fine cracks in the insulator porcelain 
and defects in suspension fittings, can only be discovered or seen 
by climbing the supports, which is known as support-head inspection, 
this inspection may only be sanctioned or ordered by the system’s 
engineer in charge at least every year. 

This inspection requires that the line be dead. In order not to in¬ 
terrupt service for any appreciable interval of time, this work is 

performed by a largo number of crews under an experienced foreman 
technician, or engineer. ’ 

These inspections also include minor line repairs and replacements. 
Check inspections. These inspections are conducted by engineering 

• 85 3 C f h ?. Ck ° n th ? condition of the wayleave and the line and 
in !nlrr y of the petrejmen. The results are summed up in a check 

f!m P nt!!?ko r c ePOrt '!!L C1 1StS a11 the defects and faults revealed, es¬ 
timates the scope of the necessary repairs and fixes the dates by which 
the work must be completed. y wuicu 
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86. Maintenance Tests on Overhead Lines 

In addition to inspections, overhead lines are given regular tests 
and checks as part of preventive maintenance. 

After six years in service, wood-pole supports, stub poles and cross- 

arms given preservative treatment at a factory are tested for decav 
due to fungi. J 

The underground parts of metal supports are tested at random' everv 
six years. J 

Insulators on lines up to 35 kv are tested every three years; insu¬ 
lators on lines over 35 kv, every 6 years. 

The resistance of joints on copper conductors is measured at ran¬ 
dom every six years; in aluminium and steel-cored aluminium con¬ 
ductors, every three years, and of bolted and composite joints between 
a copper conductor and an aluminium or steel-cored aluminium con¬ 
ductor every year. 

The insulators and conductor joints on newly erected overhead 
lines are tested during the first year of service. Conductor joints 
across which the voltage drop or resistance is twice the voltage drop 
across or resistance of an equal length of solid conductor should be 
replaced. 

Decay testing of wood-pole supports. Pole decay is due to fungi 
whose growth is supported by the moisture of the atmosphere and the 
upper layers of soil. 

Io protect wood poles from decay, they are treated with various 
preservatives. This preservative treatment is sometimes called fungi- 
proofing. It considerably extends the service life of wood-pole sup¬ 
ports, makes them more reliable in service, and very significantly 
reduces repair work and, consequently, line outage time. 

A very efficient method is tank treatment when the poles, after 
seasoning, are treated in a special plant. As a matter of record, the 
most important lines which operate at 20 kv or higher and transmit 
large blocks of power only use, if at all. tank-treated wood-pole sup¬ 
ports. 

What is termed local or brush treatment is less effective. 

A decay test consists of a visual inspection, hammering, and meas¬ 
urement of the depth of decay. 

In a visual inspection the poles are examined for rotten spots and 
areas, and cracks. 

Hammering indicates whether or not the core of the wood is rotten. 
A clear ring is an indication of healthy wood, while a hollow ring is 
a sign of decay. Hammering is best done with a 400-gram hammer in 
dry unfrosty weather, because moist or frozen wood distorts the sound. 

If inspection and hammering reveals decay, its depth is measured 
with a probe or an ordinary 10- or 12-mm drill at the most critical 
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sections of each part and at the points of greatest decay. In vertical 
or inclined parts, such as stub poles, vertical braces, X-braces. etc., 
the depth of decay should be measured at three points spaced at 120° 
round the circumference. Horizontal parts, such as cross-arms, 
lateral braces, etc., should be measured at two points round their 
circumference. 

The probe should he forced into the wood by hand. Neither a ham¬ 
mer nor any other tool may be used for the purpose. 

When an ordinary drill is used, the depth of decay is measured 
between the points where rotten borings begin and stop to come out. 

All holes made during a decay test should be treated with antisep¬ 
tic paste and plugged with impregnated dowels. 

The results of the decay test are entered in a check-list. 

Checking metal supports for corrosion. Rust on metal supports 
is most likely to be formed at the joints and the horizontal members 
owing to accumulation of dust and moisture. Underground parts 
are also liable to corrosion. The extent of damage to the metal by 
corrosion is determined by measuring the remaining cross section of 
the part. For this, the metal should be cleaned of rust and several 
measurements taken. 

Special attention should be paid to the condition of paintwork on 
the metal parts above the suspension insulator strings, as rust washed 
down from them by dripping water tends to deposit on the porcelain 
insulation, thus impairing its insulating capacity. 

Metal supports near sea shores, large thermal power stations, 

chemical plants and steel works are more subject to corrosion than 

supports in other districts and therefore require frequent and closer 
inspection. 


Conductor vibration control. The vibration of overhead conductors 
is caused by wind eddies which produce standing waves in conduc- 
tors from one to 20 metres in length and several centimetres in am¬ 
plitude within a span. Tests have shown that the frequency of vibra¬ 
tion depends upon conductor diameter and wind velocitv The fre¬ 
quency is usually 10 to 50 cycles per second. 

.. V c i J )rali i 0n ro f“ Its in f at>gue of the conductor metal, breakage of 
its strands and the consequent failure of the conductor as a whole 
usually at clamps. • 

Vibration also causes damage to the insulators, cotter pins line 
fittings and, in some cases, line supports. 

p en° dic inspection and timely repair play a major part in prevent¬ 
ing damage to conductors by vibration present 

follows^" 11 HneS are pr0tected a e ainst conductor vibration as 


(i) by reducing the resultant mechanical 
much below fatigue limit stresses; 


stresses due to vibration 
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(2) by stopping or damping vibration to safe limits by means of 
armour rods and dampers attached to conductors. 

Ice control. Ice will form on conductors over a small temperature 
range close to 0 C. due to sleet or glazed frost, when a thaw is fol¬ 
lowed by a drop in temperature. 

In the majority of cases the temperature at which ice will form will 
be between 0 and minus 3°C and may be as low as —6°C. 

Intensive ice formation may result in extreme loads which may 
break conductors. J 



Fig. 322. Ice thickness gauge 


To be ready for ice control, it is good practice in areas subject 
to heavy ice formation to keep watch on the weather conditions un¬ 
der which ice will form, and on the process of ice formation on the 
lines. 

Ice formation on conductors can be controlled by heating the con¬ 
ductors with load or short-circuit currents (ice melting), and by me¬ 
chanical methods. 

When conductors (or earth-wires) are heated with a current, the 
current density is raised to a point where enough heat is developed 
in the conductor to melt off the ice. This can be done as follows: 

(1) by transferring loads from other lines to the line in trouble; 

(2) by short-circuiting the dead line at one end and sending the 
necessary current from the other; 
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(3) by connecting transformers in opposition. 

Mechanically, ice from conductors and earth-wires can be removed 
by; 

(a) knocking the ice off with long poles of bamboo, wood or ba- 
kelised paper; 

(b) working the ice off with cords (for example, a synthetic-fibre 
cord), etc. 

An ice thickness gauge for work on “hot” overhead lines (Fie. 322) 

operates on the principle of a caliper. It consists of three lengths of 

“ ed ;P aper ; ubin S * of 4 5 mm O.D. and 25 mm I.D. within 

sis.inVnf »h mm d,a T ter bakelis L e d-paper tube2 is placed, also con- 

at the ton poH m f mber V° K ined b J COU P ,in g s - Tbe caliper 3 is fitted 
i.P, end °* the tube - The gauge has somewhat elongated 

tube.' Th m ° Vab ® JaW iS affixed t0 the inner bakelised-paper 

The scale 4 is drawn on the lower retractable end of the inner tube 
The gauge is 6.5 metres long. ’ 

tl , ie / Iearan J ces of overhead lines. Conductor clearances 

of'service hctoi Pmodica11 * as “y »e changed by a variety 

. T he , most c ommon among them are conductors slipping in susDen- 

* - A 

pivoted Tthe top with a bo HP Thi 0 " 8 ', ?. nd l \ si ? htin S tube are 
eye-piece 4 (a bushing with a hole in thl^p'i^w 6 ‘ S rU ? d Wlth an 
crosshairs 5 at the other (formed by two th™H« f. 0 ^. ° nd; and With 
axis). The tube may be replaced by ZVhZ. t Whlch ,nterS6Ct at the 
strip steel and provided with an eve nl£ f 8 frame constructed from 
at the other. The reading arm 7 is secured' ? n , e f end , and a crosshair 

ing tube. Readings are Uke“from the* ngh ? ang ‘ es to the si 8 b ‘“ 
in the slot in arm 7 the SCaIe 6 a ^ ainst tb o index string 

« X 7 With the rcadin * P'-ed hori- 

tube^tr^^r^S f o°ne ‘“ th ° P*"‘ «>■> 

correspond to I cm on the reading stak' Vertlcal d > s ‘ance will 
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Line insulator inspection. During service on an overhead line, 
insulators are subject to mechanical and electrical stresses which 
shorten their service life and cause damage. 

Decrease in mechanical and electrical strength (deterioration) of 
insulators is further caused by vibration and temperature changes, 
or they may be originally faulty due to poor porcelain and glaze, 
poor cement joints around suspension pins, and poor cement. 



Fig. 323 Angle-measuring device adapted for clear¬ 
ance measurement without de-energising the line 

Stressing mechanically beyond their design strength or excessive 
voltages (overvoltages) likewise lead to failure of insulators, as does 
dirt on the porcelain. 

Defective insulators are detected for replacement by means of an 
insulator grading stick or by applying test voltages during a round 
of special inspection. Measures to detect faulty insulators are like¬ 
wise taken during periodic inspections and patrolling. 

Whenever defective (“zero-voltage”) insulator units are detected in 
a string, they should be replaced as soon as the line can be switched 

off. , . . . . 

Inspection of joints. Joints deteriorate in service with time to a point 

where they may lose some of their conductivity due to short circuits 
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which cause considerable heating and impair contact between the 
parts of a joint, and to corrosion on the contact surfaces which causes 
redistribution of current through the cross-sectional area of a joint 
and, as a corollary, the burning-through of some of its elements. 

Poor jointing, dissimilar metals in a joint, improper type of con¬ 
nector for a given conductor and similar causes combine to bring 
about the failure of joints. Poor electric contact or low mechanical 
strength in a joint may lead to the overheating and breaking of a 
conductor. 

Defective joints are detected and replaced during special inspec¬ 
tions and also during periodic day and night patrolling, to timely 
avert a breakdown or line outage. The absence of snow or ice 
on a joint when they are present on the conductor, or a red-hot 
connector or conductor seen in the dark indicate poor contact in the 
joint. 

Since the voltage drop across a joint is directly proportional to its 


resistance, the quality of the joint can be judged by the ratio 

where: V e is the voltage drop across the joint being checked and V 
is voltage drop across a piece of conductor as long as the joint. 

In addition, the conductivity of joints is regularly measured as 
part of preventive maintenance. 

Joints can he tested: 

(1) with direct current on dead lines; 

(2) by using special testers to measure the voltage drop on “hot” 
«i n 0i5. 


Inspection of conductors and overhead earth-wires. In service 
conductors and earth-wires are subjected to tensile stresses due to 
their pull to compressive stresses in the clamps and to bending 

and earth-w! 1 res C amPS ' a “ M ' iS affecling the condition of conductor! 

inin?f r ,n CO '!!i UOn J ma J' “I 50 be i , nhorciU ly affected by poor welded 
joints in the individual strands, poor galvanising and infp.ri.in 

strands 3 ' 1 ’ disturbed**! g ^ CrUshed Sp ° ts ' ""Iched 

strands, d sturbed galvanised coating, overtensionin® etc i 

As a result, some strands and a conductor as a whole may break 

skjkr; ~ 

Zoffc!!^^LtTbWa\ra'^ a u; a ‘f? S t? enS t C ' ampS Whp - 

This happens .ess aUe !'° 

ins^cUou without Uking 0 U“ t°ofThe damp *Th° ^ by , ViSUal 
should periodically be taken out n?»tli P> . Ther efore conductors 

wherever local conditions require such inspeTions" ** * raUd ° m 
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87. Line Repair 


Overhead lines may be given either routine repair oroverhauls 

I he aim of routine repair is to maintain the line and its auxiliary 
structures at the necessary level of operational reliability. 

The aim of overhauls is to fully restore a damaged line and its auxil¬ 
iary structures to their necessary strength. Overhauls are performed 
when the necessity for them arises and are scheduled on the basis 
of inspections, measurements and tests. 

Repair work may be carried out: 

(a) on dead lines which should be fully cleared, opened and 
earthed: 

(b) on a line in which only the phase to be repaired is opened* 

(c) on a “hot” line. 


Before any repair is commenced, the crew assigned to do the work 
should be briefed on the rules of work and safety. If the work is to be 
done on a hot line, personnel should undergo training exercises in 
addition to their instructions. 

Repair work may be performed: 

(a) by a crew assigned only some of the repair operations, or either 
on the ground or aloft; 


(b) by a crew assigned all repair on a section of a line; 

(c) by a crew assigned all repair over the entire line or even lines. 

Repair work is generally performed by line maintenance personnel. 

When the scope of the work is large, it is done under a contract with a 
specialised repair organisation. 

I he actual repair work to be done on an overhead line is scheduled 
on the basis of the data obtained through inspection and maintenance 
checks, giving priority to troubles threatening normal operation of 
the line. Any fault fraught with an outage should be remedied 
on an emergency basis. 

Scheduled line repairs include: 

(a) replacement of damaged or heavily decayed parts of wood-pole 
su pports; 

(b) replacement of defective supports as a whole; 

(c) preservative treatment of wood-pole footings; 

(d) painting of metal supports; 

(e) replacement of damaged insulator units and strings; 

(f) replacement of line fittings; 

(g) cutting-out and replacement of damaged conductor sections; 

(h) replacement of conductors and overhead earth-wires on some 
line sections; 

(i) sag adjustment on conductors and overhead earth-wires; 

(j) repair of earthing conductors run down the supports; 

(k) repair of lightning arresters. 
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For the most part, line repair is performed on dead lines by the 
same methods as are used for initial installation (see Ch. 9). 
In some cases, however, it is important that repair will not interrupt 
the service. To meet this need, especial “live-line” methods and tools 
have been devised whereby a line may be repaired while it is hot. 
They are discussed below. 


88. Repair of Hot Overhead Lines 
Repair on a hot overhead line may include: 

(1) inspection and repair of conductors, insulator strings and fit¬ 
tings (on 35- to 220-kv lines); 



(a ) 



(b) 


Fig. 324. Parts of wood-pole 
supports for 35 to 100 kv over¬ 
head electric power lines: 

a-angle support; 6—intermediate 
support. J—crib braces; *>—stub 
pole; 3—horizontal brace; 4 —ancle 
brace; J—stay pole; 6—leg pole; 7 -^ 
cross-arm support timber; 5—cross- 
arm; 9 —-support leg 


(2) replacement of wood-pole support parts (Fig. 324) straighten 

ing of anchor and intermediate supports, and complete^replacement 
of intermediate supports (on 35- to 110-kv lines)- P 

35 t , o , tl0-k; n ii„es?. dCm ° Un,ing of “P ulsi °" lector tubes (on 

Repair work on a hot line or phase calls for the use of “live-line” 
equipment and tools such as safety ladders, telescopic towers safety 
platforms, hot sticks, live-line clamps, etc. ’ J 

An insulated ladder (Fig. 325) consists of a top platform on which 
the linesman can stand an insulating section serving to isolate the 
linesman from earth, a base on which the ladder proper is mounted 
and a winch to lift and extend the ladder. 



Fig 325. Double-sectiou insulated 

ladder: 

/ —Jack; 2 —front support frame; 3 — raising- 
extending winch; 4—ladder base; 5—lad¬ 
der-extending wire rope; 6 —latch frame; 7 — 
middle bracing; 8 — upper bracing; 9 — metal 
platform; JO— tool box 


The top platform is furnished 
with a live-line clamp and an ex¬ 
tendable frame. 

Fig. 326 illustrates how the 
metal platform is electrically 
connected by means of the live- 
line clamp fitted on a special 
stick 0.7 to 0.8 metre long. 
The platform is automatically 



Fig 326. Platform of 
insulated ladder 

equipped with the 
live-line clamp: 

/—metal platform; 2 — 
strain members; 3 —tool 
box; /—insulating stick; 
5 —live-line clamp; 6—ex¬ 
tendable frame 













retracted when the ladder is lowered and swings out when the upper 
section is extended. 

The extendable frame built into the platform terminates in a met¬ 
al roller free to rotate on a shaft (Fig. 327). 

The extendable frame is used where: 

(a) the distance between the top platform and the live-line element 
should be 1.75 to 2 metres; 

(b) the safety ladder is required to bear the weight of a conductor 
up to 200 kg. 

A safely platform is used when a linesman working close to a sup¬ 
port should be able to touch live parts. 

It consists essentially of a cradle (Fig. 328) equipped with a live- 
line clamp, an insulating support assembly (main frame and strain 
rods) and a swivel assembly. 

Suspension link sticks are employed when a string of insulators 
has to be replaced on overhead lines operating at up to 110 kv. 

The live-line suspension link sticks 
shown in Fig. 329a are employed to re¬ 
place suspension insulator strings and to 
take conductors out of their clamps for 
inspection. 

Tension insulator strings are replaced 
with the aid of link sticks such as shown 
in Fig. 3296 and c. 

Repair work on wood-pole supports, 
with the line hot (and the conductors 
arranged in horizontal configuration on 
35- to 110-kv lines) includes replace¬ 
ment of parts on AH-type supports, 
such as stub poles, horizontal and X- 
braces, stays, cross-arms, cross-arm sup¬ 
port timbers (Figs 330 and 331), and also 
complete replacement of H-typesupports. 

Here is an example of stub pole replace¬ 
ment on 35- to 110-kv lines. 

Depending upon support design, the 
stub poles may be replaced with the 
aid of blocks, crowbars, substitute 
poles, or tripods. 

A pole whose stub is to he replaced is 
set on a blocking of railway sleepers. 

In the case of H-type supports the pole is 
also strutted to the other pole by a cross timber and is guyed by ropes 

The sleepers in the blocking are held together and to the pole by 
timber staples (Figs 330 and 331). y 



Fig. 3V7. Platform of an in¬ 
sulated ladder equipped with 
its extendable frame raised: 

/—platform; extendable 

frame; J—stick fitted with live- 
line clamp; 4 —roller 
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On an H-type support the pole to be repaired should first be guyed 
and then connected by a strut at a height of 3 to 4 metres to the 
oilier pole before a block may be wedged at its butt. After the strut 
and g'»y ropes have been finally secured, the stub pole is dug out and 
pulled from the hole with the aid of a rope pulling mechanism 

(Fig. 332). 



Fig 328. Swivelling insulated safety plat¬ 
form, or a cradle (liuesman works 

standing): 

/—cradle; 2 —cradle latch arm; 3 —main 

frame; /—attaching swivel assembly; strain 
rods; 6—live-line clamp 


The new stub footing is put in place by hand and secured to the 
pole by wire bindings, after which the earth is firmly rammed back 
into the hole. 

On 35-110-kv lines cross-arms of H-type supports which have no 
X-braces are replaced by lowering the old cross-arm and conductors 
to a temporary position down the poles. On 110-kv lines, the old 
cross-arm and conductors are lowered about 4.5 or 5 metres, 
on 35-kv lines about 3 or 3.5 metres. A new cross-arm is lifted in a 
vertical position near a pole leg, gradually turned horizontal, and 
then arranged on temporary brackets alongside the old cross-arm. 
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Fig. 329. Livp line suspension link slicks: 

a —link sticks arranged on an Intermediate lino support, 6—link sticks for replacing single tension strings; r—link 
sticks for replacing double tension strings: strain bur; 2 —upper cross member; J—clamping screw; 4—engaging link 



















After the insulator strings have been transferred from the old to the 
new cross-arm, the old cross-arm may be lowered to the ground and 
the new cross-arm put into its permanent position. 

The procedure for cross-arm replacement is illustrated in Fig. 333. 
Two endless ropes passed over blocks (Fig. 333u) are attached to the 
support on the side opposite the old cross-arm. The upper blocks are 



Fig 332. Pulling old stub pole out of hole with aid of 

guide frame: 

/—guy anchor; 2—guy rope; 3 —bruclng timber; 4— pads, i — 

guide frame 


l t , he cross : ar ™’ and the lower blocks to anchors driven into 

ton an ?[ e * After removin g the bolts which hold the cross? 
arm to the poles, the cross-arm and conductors are lowered into the 
outer seals in the temporary brackets (Fi<* *\ , 

t°l cr ;r a T are cla ';; pod 
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' (o) Stage I (c) 

Fig. 333. Cross-arm replacement without de-energising of the line: 

arrangement of tackle on a H-type line support; 6—lifting of new cross-arm; c—transfer of Insulator string: 2—endless rope; 2 —anchor 

3—lower tackle block; 2—snatch block; 5 — temporary bracket; G —guide roller 



By meansof two lift ropes or tackle, the new cross-arm is then lift¬ 
ed into its permanent position (after lowering tlie old cross-arm to the 
ground) and secured to the support poles. 

Repair work on hot overhead lines is subject to the Safety Regu¬ 
lations for Overhead Line Maintenance and acting instructions for 
the repair of hot lines with rated voltages of 35 to 220 kv. 

Connection of tee-off lines to a hot 6-kv overhead lines. Connection 
of a branch line to (or disconnection from) a hot 6-kv line is sub¬ 
ject to special instructions 
which specify the use of dis¬ 
connecting devices and the 
following rules: 

(a) all users supplied by the 
branch line under repair shall 
be disconnected from it; 

(b) the conductors on the 
main overhead line shall be 



secured on pin-tipe insulators 
and arranged in the config¬ 
urations shown in Fig. 334. 

A tee-off line is connected to 
a main line via a disconnecting 
device. The latter is made 
capable of connecting a tee-off 
line to a hot 6-kv main line 
phase by phase and is rated 
for a continuous load current 



Fig. 334. Configurations of conductors on 
(J-kv main power lines for connecting 
tee-off lines, with main line energised 


of 100 amperes. The disconnecting device is intended for pole mount¬ 
ing on intermediate supports of 6-kv lines and consists of: 

(a) a steel split collar which has attachments for fixation to a wood 
pole and for receiving LUfl-10 pin-type insulators (Fig. 335) mounted 
on cantilever brackets. The cross bar of this collar carries a LUC-6 

insulator used to take the other, far-side conductor around the inter¬ 
mediate support; 

_ a-1 ^ r ? e Pta-tyi* insulators, the cap of each unit carrying 

, f . or th ® tee ' off conductors. The upper (removable) 

plate of each clamp has a finger contact within a guide ring (Fig. 336) 

^ J a i °l 1S f rubb r- COat0d t0 pro,ect lhe varnish coating on the insu¬ 
lated stick from damage in use; 

clam^ tl (Fil t 3 I 37? 0 Thn lin ^ S ? aving an , upper and a Iower screw-type 
ciam p (hig 33/). These links are used as jumpers between the con- 

ductorsofthe main and tee-off lines. For this, the upper clamp of 

Inwflr 1S P a . C i? d ° n the res P ective m ain line conductor and^he 

of the tef?ir°r he respective n “g er contact solidly connected to one 
of the tee-off line conductors. The telescopic links are constructed 
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of two brass tubes 25 mm and 19 mm in diameter. The lower tube is 

shunted by a flexible copper cable. The upper screw-type clamp at 

the top of the upper tube can take conductors from 6 to 18 mm in 
diameter. 


The lower clamp serving for attachment to the finger contact on 
11IA-IU insulators is located on the lower telescopic tube. At the lower 



Fig. 335. Split collar secured on Fig. 336. Ill/X-10 insulators secured 
intermediate pole of main ti-kv to disconnecting device collar: 

power line IUfl-lO pin-type Insulator; 2 —finger con¬ 

tact; 3 —cantilever bracket 


end the telescopic tube has a socket for seating on an insulating stick. 
The upper clamp has a right-hand thread, the lower contact clamp, 
a left-hand thread. A p.v.c. jacket is slipped on the lower tube of 
the telescopic link for making connection to the middle (upper) phase 
conductor. 

Telescopic link units for the lower phase conductors are 2.2 metres 
long. A telescopic link unit will have a maximum weight of 4.5 kg. 

Branch lines are usually connected by a crew of two. One of 
them, in charge of the work, should be an electrician of not lower 
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than Group IV rating with not less than 3 years of field experience as» 
a linesman, and the other a linesman of not lower than Group III 
rating, with practical training in making connections between live 
main and tee-off lines. 





Fig. 337. Tele¬ 
scopic link fitted 
with upper and 
lower con I act 
clamps: 

1— upper clamp; 

2 — upper tube; 

3 — lower tube; 
/—lower clamp; 

5—socket 



vioiup, * —lull 

J—insulating stick 


With the signed job-task sheet on hand 

fTAt th« J r the Cre , W checks their equipment and tools! 

get the location ready for work, the leading hand in charge of the 

work puts on his climbing irons and safety belt, climbs 2 metres up 
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the pole, and buckles his safety belt to the pole. The other linesman 

hands him an insulating stick with which the man on the pole meas¬ 
ures off 2 metres from the lower cross-arm and mounts a pole collar at 
that level (Fig. 338). 

Now the conductors to be strung between the terminal pole of the 
branch line and an intermediate support of the 6-kv main line (which 
makes a span of 15 to 20 metres) are clamped in the caps of UI^-10 
insulators. 

The attached conductors and insulators are then lifted in turn on 
the pole and fixed on the pole collar by means of the cantilever 



Fig. 339 General view of 11IZI-10 insulator complete with 
cantilever bracket aod finger contact: 

/—rubber sheath; 2—cantilever bracket; 3— guide ring; 4— fin- 

ger contact 


brackets so that the finger contacts fall in line with the respective 
main line conductors (Fig. 339). The conductors are now strung be¬ 
tween the intermediate support of the main line and the tee-off line 
terminal pole. 

The insulating stick is now lifted with its head-end up and with 
a telescopic link (in fully retracted position) inserted into its head. 

The telescopic links are clamped to the conductors as follows: 

(a) The telescopic link fixed on the insulatingstick is passed through 
the guide ring and lifted level with the respective mainline con¬ 
ductor, holding the stick in the vertical position (Fig. 340). 

(b) The main line conductor is engaged with the upper clamp of 
the telescopic link, and the stick is turned clockwise to tighten the 
clamp on the conductor. 

(c) The stick is lowered to extend the telescopic link just far enough 
to allow the lower clamp to slip over the contact finger on the 
collar bracket, and is turned counterclockwise, so that the contact 
finger is snugly fixed in the lower clamp (Fig. 340). 

(d) The head of the stick is withdrawn from the socket of the tele¬ 
scopic link, and the stick is lowered to the ground. 
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The telescopic links should be connected in the following order: 
first comes the outer link on the branch-line side, then the middle 
link, and finally the other outer link. 

The procedure for disconnecting a branch line is as follows. The 


crew get the location ready for work and inspect the tools, the lead¬ 
ing hand climbs the pole, lifts the insulating stick, makes its head 
enter the socket of one of the -v. 

links, turns the stick clockwise 
as far as it will go to unscrew 
the lower clamp, and then slips 
the link off the finger contact. In] 

The stick next is pushed fur- 3 '8^ 

ther up through the guide ring to ; 1 

retract the telescopic link fully ^ 

and is then turned counterclock- | * \ 

wise to unscrew the upper clamp ’ 

which can now be detached from ; j =s;! sggp v ^ 

the line conductor, and the stick i j 

and telescopic link lowered 1 j 

through the guide ring, keeping 
the stick vertical all the time. . I ij 

When the stick is lowered far j ! 

enough out of the guide ring, j s. 

the telescopic link is taken off ; ! 

the stick head and lowered to the ’ | " f ' 

ground on a rope. The links are 

removed one after another in * 

the reverse order of installa- , 

After all the telescopic links' ^ ^ ; I 

have been removed, the charge ■ j 

remaining on the tee-off line con- wW 

ductors should be discharged to Fig. 340. Lower clamp of telescopic 

earth. To do this, a flexible con- secured on disconnecting-device 

ductor attached to the insulated , , , . ? D S er contact: 

telescopic link; 2 —lower contact clamp 


stick and connected to earth is op nak; s-iower contact clamp 

brought into contact with the tee-off line conductors. 

CuUmg-off of a hot temporary tee-off from a 6-kv main line 
Th,s s done accord,ng to the instructions drawn up for this job and 

using a y ,^Kr ter thar - 95 5,1 mm - 

cutter (Fig. 342). The insulated stirk iJilSl st,ck ( F *«- ?4l) and a 
lating body, and a grip. The boasts" sutler which &'■ 


13-947 
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the cutter sleeve to lock it on the stick and to drive in and out the 
screw drive of the cutter. 

I he insulating body of the stick is made up of a three-piece HIP-35 
bakelised tube coupled to a two-piece LiIP-35 bakelised tube by an 
aluminium coupling. The bakelised-paper tubes are 35 mm in 
diameter. The weight of this insulated stick is 4 kg. 




Fig. 342. Conductor 
cutter 


The cutter proper (Fig. 342) consists of a steel head which engages 
the conductor to be cut, a drive screw 3, a connecting steel bushing 2 
which feeds the knife blade in the vertical direction and connects the 
cutter unit to the insulated stick, and a steel blade 1. Such a cutter 
weighs 1 kg. 

The head is coated with a 1-mm layer of a compound made by mix¬ 
ing p.v.c. and ethylene dichloride. 

The linesman, assigned the cutting job, gets his tools and safety 
aids ready, puts on his climbing irons and safety belt, climl)6 the pole 
within not less than 2 metres of the lowest conductor on the side 
opposite the conductor to be cut, and buckles his safety belt to the 
pole. The 2-metre distance should be marked on the insulated stick. 
The other man of the crew then lifts the cutter to the man on the pole, 
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1 


stands on the side opposite the 
conductor to be cut and watches 
to see that the linesman on the 
pole does the work properly. 

The linesman on thepole makes 
sure that the cutter is reliably 
fastened on the insulated stick 
by the locator pin, checks to see 
that the insulators and conduc¬ 
tors are made fast to the line 
support, puts on his safety rub¬ 
ber gloves and goggles, engages 
one of the lower conductors on 
the branch line with the cutter 
head within 100 mm of the in¬ 
sulator, and turns the stick clock¬ 
wise. This lifts the cutter knife 
and severs the conductor. 

The second and third conduc¬ 
tors are cut in the same manner. 
The general sequence is to cut 
the lowest conductor, then the 
middle conductor, and, finally, 
the topmost conductor (Fig. 343). 

After the three conductors of 
the branch line have been cut, 
the linesman descends from the 





Fig 343. Culling upper conduclor of 
temporary tee-off line 


pole, signs his job-task sheet to confirm that the job has been 
done, and hands over the keys to the padlocks of the line disconnect¬ 
ing switches to the user (or users) of the severed tee-off line. 



CHAPTER Ifi 

ACCIDENT PREVENTION IN OPERATION 
AND MAINTENANCE OF POWER SYSTEM EQUIPMENT 


89. General 

Soviet codes class as “operating” those electrical installations which 
are alive fully or in part, or to which the voltage may be applied at 
any instant. Work on operating electrical installations is permitted 
only for persons over 17 years of age who have been trained in the 
rules of safety in operation and maintenance of electrical equipment, 
successfully passed an examination before a qualification board, 
and been issued a safety qualification certificate. In the U.S.S.R. 
five safety rating groups exist. Persons of Group I safety rating 
should neverbeallowed toenteran operating installation alone. High¬ 
er safety ratings are given to persons with firm knowledge of safety 
rules, skilled in safe performance of their jobs in an operating instal¬ 
lation, familiar with the circuitry and equipment of the sections 
they are in charge of, and able to render first aid to a victim of elec¬ 
tric shock. 

Persons working on operating electrical equipment should be given 
periodic medical check-ups every two years. 


90. Technical and Organisational Measures 

for Ensuring Safety 

In the Soviet Union it is usual to class all safety measures into 
technical and organisational. Among the technical measures which 
ensure safety to personnel arej 

(1) disconnection of equipment from service; 

(2) placing of temporary guards and warning notices; 

(3) no-voltage tests; 

(4) attachment of temporary safety-earthing sets. 
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Disconneclion of equipment from service. All current-carrying 
parts on which work is to be performed should he disconnected from 
the line. This also applies to all current-carrying parts which person¬ 
nel may accidentally touch or approach closer than the following 
distances: 



/ ofal °- k '; substation at a roll switched out for 
repair (isolator provided with 04-50 opera line mechanism) 

(a) 0.7 metre for parts at voltages up to 15 kv inclusive; 

(b) I metre for parts at voltages from over 15 kv to 35 kv inclu- 

Vc , 

110iv'f„dusWe; tOrinStallati ° nS ' VUh VOl ' ageS tr ° m ° Ver 35 kv to 

(d) 2 metres for 154 kv; 

(e) 3 metres for 220 kv; 

(f) 5 metres for 400 kv. 

This should be done so that disconnected equipment will be isolated 

ESS—ssJ£/=»=3 

-sr-a-risrss.asa a si: 
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breakers and isolators, as well as on all control keys with which the 

voltage may be applied to the equipment where men work (Figs 
344 and 345). 

In indoor substations “Stop!—High Voltage!” notices should be 
hung on the wire-netting or solid walls of the compartments or cells 



Fig. 345. View of a 10-kv substation at a cell switched out for 
repair (isolator provided with a motor-driven operating mechanism) 


next to and opposite the location where the work is to be performed. 
If these cells have no barriers, portable guards bearing the words 
“Stop! —High Voltage!” should be put up near them and at all points 
where repair personnel is not allowed to enter. 

In outdoor substations the work location is fenced off with a rope 
from which a “Stop!—High Voltage!” notice is hung. When work is 
carried out on top of a common structure, the work location is marked 
off by “Stop —High Voltage!” notices to block thejway to the neighbour¬ 
ing live sections. On the ground, “Don't climb!—Dangerous to 
Life!” notices must be attached to the structures next to the one used 
by personnel. On the structures which the crew is allowed to climb to 
reach the work location, “Climb Here!” notices should be hung. 







V'tv 




H i.-V. 


No-voltage test. That the disconnected equipment is dead is ascer¬ 
tained by operators after the necessary warning signs and temporary 
barriers and guards have been put up and temporary safety-earthing 
sets have been attached to the earthing 
systems. Prior to a test, the high-voltage 
indicator used for the purpose (Fig. 346) 
must be checked. For this, the end of 
the indicator is brought close to a near¬ 
by live part. 

Disconnected equipment should be test¬ 
ed for no-voltage across all terminals, 
and each circuit breaker across its six 
terminals. 

Temporary safety-earthing sets. Tem¬ 
porary safety-earthing sets are attached 
to earth and short all three phases 
(Figs 347, 348, 349) of the equipment 
to be installed or repaired. 

Temporary safety-earthing sets may 
only be attached and removed by two men 
working together, one of them with a 
safety rating of not below Group IV, and the other not below 
Group III. First an earthing set is applied to earth and then is, by 
means of an insulating stick, clamped to the current-carrying parts 



Fig. 346 . High-voltage indi¬ 
cator 



Fig r 347 - Attaching the temporary safety-earthing set to rur 
rent-conductmg parts with the aid of an insulafing stick 


of all three phases, with rubber gloves on fFi» « 

the 

into a high voltage ^ transf °™ a ‘i°n of the low 
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Fig. 348. View of a switchgear coll with the satety- Fig. 34!/. Principal protective aids 

earthing set attached and circuit breaker prepared 
for performance of work 

























work on electrical equipment, su¬ 
pervision during work, and signed 
clearances and cancellations. 

Job-task sheet. Job-task sheets 
are written instructions for the per¬ 
formance of any work on electrical 
equipment. They fix the place, 
time, and conditions of work, the 
set-up of the crew and the person in 
charge of safety. 



Fig. 350 . Nonconducting rubber 

gloves 


Job-task sheet for work on electrical equipment 
Name of organisation. 



Job-Task Sheet No. 

To the person in charge of the work, watcher 


Job assigned 


(name, initials, safety rating) 



Conditions of work 



temporary and 

Special instructions 


Begin work at: 
Supervisor _ 



Job-task sheet issued. 


(name, Initials, safety rating) 

da y-month-- year by. 


Crew set-up:. 


(signature) 


men 


year 


(names, initials, safety ratings) 

Signed by 
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Supervisor 

(or person issuing job-task sheet) 

Necessary safety measures taken: 

-hour - rain- day-month 

-year 


Safety of work 


Signed by 

in location 
on apparatus 


(operator in charge) 
checked: ---.hour 


111 in 


Put on crew (names, 
initials, safety ratings) 


day 


month. 


year 


Signed by 
Changes in Crew 


(supervisor) 


Withdrawn from crew Dat . _ nd 

(names, initials, safety time Permission granted by 
ratings) 


Daily renewals of the permit to work, completion of work, transfers to other jobs 


Location or 
apparatus 


Permit to work 


Clearance 


Necessary safety measures taken. Crew 
acquainted with conditions for per¬ 
formance of work and with safety 
measures taken 


Crew withdrawn, job- 
task sheet turned in 


Remaining alive are 


(state what current-carrying parts are left alive in the bus 

system repaired) 


Date, 

time 


Permission 

Leading 
hand In 

Date, 

Leading 
hand In 

given by 

charge of the 

time 

charge of the 

(signature) 

work (signa¬ 

work (signa¬ 

ture) 


ture) 


Operator In 
charge (sig¬ 
nature) 











The work covered by job-task sheet fully completed: 


hour- 


ruin 


day 


month 


year 


Signed by 


(supervisor) 

Apparatus and location accepted, job-task sheet turned in: 

-hour - min-- day- month. 

year 

Signed by_ 

(Operator in charge)- 


s&'-nas vs as 

Rpfnrp 11 ^ 10 " f °b the e,ectricaI equipment or location to be repaired 

IsSpSESES 

•f*«« 

-t™,™ *£g tr- D “"> 

corted out of the switchgear buildin^rctf L ® rew muSt be es " 
task sheet left in the hands of the leadfn W1 i h . the j ob " 

After the interval or break the ' *" e h ? n in char * e otlh » work, 
cation by its ">'»* work lo- 

ingZ^'the 0 '7."?,,“thtirb'e^jarf' d At ft“ d ° fth ° 

should be handed over to the operator d ThI ldy ' f 1 ?® job " task she et 
resume work after going through nll fhJ nex f l day the crew m ^y 
When all the repf^ workTs comlt^ S f h me . f ? rma lities. 
celled (signed) by the supervisor Tnd th« ’ th ? J , ob " task sh eet is can- 
taken over by the operator in rk’ d V? W0 ? k locat «on and keys are 
be put back into operation argC ' Afler this ' the equipment may 

91. Protective Aids Used in Electrical Installations 

personnel w e or a k?ng n on U o d r flXtUreS iSSued t0 

>0 order to protect them against eSric shr^nT.^" 1 ” 8 “hot" 

379 




More specifically 
these are (Fig. 351): 

(a) portable voltage 
indicators and clip-on 
ammeters; 

(b) temporary safety¬ 
earthing sets, portable 
guards and warning no¬ 
tices; 

(c) protective goggles, 
canvas gloves and gas 
masks for protection 
against arcs, fumes and 
mechanical injury; 

(d) nonconducting (rub¬ 
ber) gloves (Fig. 350) and 
gauntlets, nonconduct- 

Fig. 351. Protective aids and appliances * n £ (rubber) boots and 

rubbers (Fig. 352), insu¬ 
lating pallets (rig. 353), nonconducting (rubber) mats (Fig. 354), 
“hot” sticks, and “live-line” tools with insulated handles. 

The insulating pallet shown in Fig. 353 is used for voltages both 
up to 1,000 volts and higher. 

Soviet codes for the use and testing of electrical protective aids 
require that newly-made insulating pallets should withstand a 40-kv 
test voltage for one minute. 



fig. 352. Nonconducting boots and rubbers 


It is required that attended substations always have on hand a set 
of numbered temporary safety-earthing sets, assorted warning 
notices, portable temporary guards and voltage indicators. 

Unattended switchgear installations for over 1,000 volts should 
be furnished with a “hot” stick, insulating pallet (or nonconducting 
rubber boots) and insulated fuse pullers. The other protective aids, 
such as rubber gloves, voltage indicators, goggles, warning notices, 
portable guards, shorting and earthing jumpers, and gas masks should 
be kept by the crews servicing the electrical installations. 
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Fig. 353. Insulating pallet 


The protective aids assigned to a given substation should be kept 
in a suitable room or place. 

All protective aids should be tested before use for the first time and 
then at the intervals listed in Table 36. A protective aid should 
also be tested each time 
after some replacement 
or when there is doubt 
as to its fitness. 

Protective aids, both 
in use and in storage, are 
tested and checked for 
missing items at inter¬ 
vals of three months. 

Protective aids may be 
given a proof voltage test 
by an authorised person 
and on a special device 
only. 

Before use, a protect i ve 

aid should be checked 
for overall condition, 

any external damage, and dirt on its surfaces. It is not permissible 
.. ... US f hot sl,cks and live-line fuse pullers which are c6vered 
. *^ c dust , and ^ e , ar si e ns of carbon and pencil marks. Rubber gloves 

boo s and rubbers should be free from frayed surfaces cracks’ 

listers and any foreign inclusions. Defective protective aids shouldbe 

immediately taken out of 
service. 

Protective aids should also be 
checked for the date of next inspec¬ 
tion stamped on them, to make sure 
that it is not overdue. If it is, such 
aids must not be used. 

Furthermore, before a “hot” stick 
puller or voltage indicator may be 
used its stamped marking should 
be checked to see for what voltage 

II1P-10 and htd i » .. ma y ^e employed, 

and trip qk • i 3 look sticks for indoor substations LUP 10 

* c d . intended f ° ; 

‘'^nTndicateVo^Zhftlck'. 10 " 5 ^ W ° rki " g 
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Fig. 354. Rubber mat 



Standards and Tost Periods Protective Aids 
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LUP-10 hook sticks are rated for a nominal voltage of 10 kv and a 
maximum voltage of 11.5 kv; LUP-35 hook sticks are rated for a nomi¬ 
nal voltage of 35 kv and a maximum voltage of 40.5 kv. 

A UIP-10 hook stick weighs 1.8 kg, and a LUP-35 hook stick, 2.5 kg. 
A LU P-10 hook stick (Fig. 355) consists of two bakelised-paper tubes 
1 joined together by a steel coupling 2. The latter is press-fitted over 
the ends of the tubes. This coupling carries the nameplate 8 of the 
stick. The working part of the stick is separated from its grip by a 
hand guard 7 at the coupling. 

The bakelised tubes have plugs 6 at the ends and at the joint. These 
plugs protect the inside of the tubes from ingress of moisture. 

A steel ferrule 3 press-fitted on the insulating end protects the tube 
insulation from mechanical injury in use. 



Fig. 357. Stick used for attaching temporary earthing lead 

to overhead line conductor 


A hook 4 is pressed into the tube and secured to it and the ferrule 
J by a pin. At the lower end of the grip a heel plug 5 is press-fitted 
into the tube and secured in place by a pin. 

u m P- 35 kook stick (Fig. 356) consists of three bakelised-paper 
tubes. Two of these tubes 1 make up the insulating body of the stick 
and are joined together by a steel coupling 2. The third tube 
of a larger diameter is press-fitted on the tube 1 and fixed to it with 
pins to serve as the grip. The grip has a hand guard 7. In all other 

pa S- ICU ii? ^ P ' 35 h °.° k sticks are identical with LUP-10 hook sticks. 

big. 357 shows a stick used for attaching a temporary earthing lead 
to an overhead lino conductor. ° 

In indoor substations, outdoor substations, and for overhead 
lines, insulated sticks are handled while standing on an insulated 

fnrm Ce a" ins x ulat K ed P a,,et or a rub ber mat indoors or a safety plat- 
form outdoors). The man working with a stick should wear noncon- 

im^^rubber 5 boofs° VeS ’ Snd ’ When workin g outdoors, also nonconduct- 

dii!:r Iine /r P ulle, ?- The of wooden fuse pullers is now being 

narv or sten - h ° ,r Sh ° rt length rec I uircs working from ordi¬ 

nary or step ladders in some cases. Furthermore, any accidental 

nin^ou^oM^ 0 ?r3SP °?i ^ pul ! er may lead t0 the fuse c «tn d ge slip¬ 
ping out of the ]aws and being damaged when it strikes the floor in the 

Present practice is to use more convenient metal tongs mounted on 
ordinary operating hook sticks (Fig. 358). 6 011 
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Fig. 358. Stick tongs for removing and inserting high-voltage 

tubular fuses 


A fuse cartridge is engaged with jaws 1. Turning the stick and, hence, 
the screw 4, closes the jaws as a result of the pressure exerted by 
the conical end of the screw on the heels of the jaws. 

With the fuse cartridge thus clamped, it can be either inserted in 

or removed from its holder. 
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The frame 2 of the clamping assembly has a spring-loaded stop 5 
which permits the jaws to be set in three positions relative to the 
stick axis: one normal and two inclined positions. The stick making 
an angle with the floor makes it possible to hold the jaw vertical and 
obtain a positive grip on the fuse cartridge when it is located at some 
height from the ground. 


3 f 3 



Fig. 359. Puller for replacing HflT high-voltage fuses 


To prevent the fuse cartridge from slipping in the jaws, they are 
lined with strips of felt on the inside. 

A puller for IIIIT high-voltage fuses. IIIIT fuses are replaced by 
means of a puller shown in Fig. 359. It consists of two parts 1 iden¬ 
tical in shape and made from an insulating material (such as p. v. c.) 
and joined together by fixed steel split ring 2. Another, movable ring 
3 when shifted over the tapered part of the device, causes both 
halves to close fully. 



Fig. 360. Puller for replacing MKT high-voltage fuses 


This puller is simple to use. With its jaws opened, it is slipped over 
a fuse, the movable ring is pushed up the taper (to left in Fig. 359) 
until the fuse is clamped between both halves. The fuse can now be 
pulled out of its holder. This puller ensures a firm grip on the fuse. 

A puller for IIKT high-voltage fuses. This puller has been devised 
to replace IIKT fuses in 6-kv instrument transformer circuits while 
they remain hot (Fig. 360). This puller, mounted on an insulated stick, 
consists of a fixed jaw 1 and a moving jaw 2. The fuse is engaged by the 
jaws, and the handle 3 is turned. This drives the screw 4 having a 
trapezoidal thread into the nut 5 which is secured in a bakelised-paper 
tube 6. The inner bakelised-paper tube 7, made fast to the screw 
causes the movable jaw to move forward and thus clamp the fuse.' 
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(brass); 






The fuse can then be pulled out of its holder clips for replacement. 
1 he jaws of this puller are made of an insulating material to thereby 
ensure greater safety to personnel. 

Voltage indicators for voltages over 12 kv. YBH-1 voltage indica- 
co ™™ erciall y available in the U.S.S.R. at present are rated for 
1- kv. 1 hey may, however, be used on higher voltage when mounted 
on an operating stick. 

A few improvements in the YBH-1 indicator, substitution of a 
spark-gap for the capacitors of the neon lamp, and use of lighter 
but sufficiently strong insulated tubes, have made available two new 
models of this voltage indicator, namely for 15-35 kv and 60-110 kv 
service. 

The 15-35 kv voltage indicator (Fig. 361) consists essentially of a 
probe 10 to touch live parts, spark gap 7 with adjustable rod elec¬ 
trode 8\ neon lamp 6 , bakelised-paper tube 4, and grip 1 fitted with a 
hand guard ring 2. 

In transit, the grip and the bakelised-paper tube can be telescoped 
to reduce the overall length and protect the neon lamp from damage 

The 60-110 kv voltage indicator is diagrammatically shown in 
Fig. 362. It incorporates an intermediate bakelised-paper tube 2. 
To make the glow of the neon lamp brighter, the latter is connected 
to the coupling 4 by means of a spring 7. 

In order that the neon lamp can be watched conveniently, the in¬ 
dicator tube proper can be turned into any of two fixed positions to 
make an angle of 45 degrees or of 90 degrees with the tube. 

For carrying, the indicator is taken apart and the three sections 
slip one into another and can be screwed together. 

Addition of one more intermediate insulated member makes the 
above indicator suitable for voltages from 150 to 220 kv. 

The glow of the neon lamp in these indicators depends upon the 
spark gap interval, which should be adjusted so that the neon lamp 
will begin to glow at 25 per cent of rated voltage. 


92. First Aid in Cases of Electric Shock 

According to the Safety Code, personnel operating and servicing 
electrical equipment should be systematically instructed on the 
hazards of electric current, and methods of first aid, trained in break¬ 
ing a shock victim’s contact with the source of current and in the ap¬ 
plication of artificial respiration. 

Efficient first aid to a victim of electric shock greatly depends 
upon fast action, resourcefulness, and the skill to render it. This 
skill is acquired through practical exercises. 
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If a victim is still in contact with live equipment, the very first 
thing to do is to de-energise this equipment. 

To break the victim’s contact with live parts at voltages up to 
1,000 volts, dry clothing, a dry rope, dry board or any other dry non¬ 
conductor must be used. 

When freeing a victim from contact with live equipment at above 
1,000 volts, the following must be borne in mind: 

(a) if the victim is aloft, measures must be taken to prevent him 
from falling or to make his fall safe; 

(b) if the victim is in contact with one conductor, it is frequently 
sufficient to earth only this same conductor; 



Fig. 363. First method of artificial respiration 
(air forced out of lungs) 

(c) the wire used to short or earth the conductor must first be con¬ 
nected to earth and then thrown across the line conductors to be 
earthed; 

(d) if it has a high capacitance, an opened line may retain a charge 
dangerous to life, and only reliable earthing will make it safe. 

Methods of artificial respiration. Artificial respiration may only 
be applied when the patient does not breathe or breathes with dif¬ 
ficulty (at delayed intervals, or convulsively as if sobbing), and also 
when breathing gradually grows feeble. 

In order to be effective, artificial respiration must be applied im¬ 
mediately after the patient has been freed from contact with the live 
circuit and continued until normal breathing has been restored or 
until the onset of rigor mortis. 

Before artificial respiration may be applied, any tight clothing 
winch may interfere with the patient’s breathing must be loosened 
nis collar made loose, the muffler removed, all foreign matter wiped 
out of his mouth, and the mouth opened. 

If the man rendering the aid is alone, the prone pressure method 
the simptest and easiest of all, is recommended (Fig. 363). 

the p ® tient on b0 Hy> one arm extended directly forward 

And ri«f-n arm } he f lbow and with the face turned sideward 

and resting on the hand or forearm. 
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i . ,2 > K l ieel ast . nde the P a ^i e nt, face towards his head and so that 
his thighs are between your knees. 

(3) Place the palms of your hands on the small of the patient’s 
hack, the little finger just touching the lowest rib, with the fingers 
held together and their tips just out of sight. 

(4) With the arms held straight, swing forward slowly to the count 
of “one, two, three” so that the weight of your body is gradually 
brought to bear upon the lower ribs of the patient to force the air out 
of the patient’s lungs. 

(n) Without removing your palms from the small of the patient’s 
hack swing backward to the count of “four, five, six”, removing all 



Fig. 364. Second method of artificial respiration 
(air forced out of lungs) 


pressure from the patient’s body and thereby allowing the lungs to 
fill with air. 

(6) After two seconds, swing forward again and repeat the cycle 
as long as necessary. 

Another (Silvester) method of artificial respiration can be used 
when an assistant is at hand. To carry out this method (Fig. 364): 

(1) Lay the patient flat on his back and place a roll of clothing un¬ 
der his shoulders to ensure that his head is thrown well back. 

(2) Wipe saliva out of his mouth, pull the tongue forward and to¬ 
ward the chin and hold it in this position. 

(3) Kneel at the patient’s head and grasp his arms immediately 
below the elbows. 

(4) Swing forward and press his arms steadily and firmly downwards 
and inwards against the sides of the chest to force the air out of the 
lungs. 

(5) Bring the patient’s arms steadily (to the count of “one, two, 
three”) backwards until they are in line with the body and the elbows 
are almost touching the ground as in Fig. 365, thus allowing the 
lungs to fill with air. 

(6) After three seconds swing forward again and repeat the cycle 
as long as necessary. 
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When two assistants are available, artificial respiration can be car¬ 
ried out by two persons, each standing on one knee at one side of the 
patient aud acting as directed above, the third man holding the 
tongue of the patient pulled forward. 

When artificial respiration is performed properly, the chest ex¬ 
pands and contracts, and a sound like moaning due to the passage of 
air through the windpipe of the patient can be heard. 

Recently still another method of artificial respiration ha« been 
coming into use. This method, which is a modification of mouth- 
to-mouth breathing, employs an appliance made from a flexible 
plastic or rubber tube 160 mm long and 8 to 12 mm in diameter 



Fig. 365. Second method of artificial respi- 
ration (air inhaled) 


which is cut in two, one piece 100 mm long, and the other 60 mm long 

I ?tl P t r/n e JOI ? ed hy , sll PP* n & them on a piece of metal or rigid- 
pl, Stic tube 40 mm long. In the centre of the joint an oval flange 40 x 

S? 
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gullet instead of the windpipe. If this happens, press upon the upper 
part of the belly below the diaphragm to expel the air. 

When such a breathing tube is not on hand, act fast to insert your 
thumb into the mouth of the patient, pull his chin downward, pinch 
his nostrils shut, take a deep breath, place your mouth firmly over 
his mouth, and blow hard enough to make his chest rise, while hold¬ 
ing the thumb between the two mouths. Watch for the patient’s 
chest to expand in rhythm with the rate of respiration. If it does not, 
recheck the victim’s head and jaw position and blow harder into his 
mouth. When the patient resumes breathing, assist him by continu¬ 
ing artificial respiration for some time until he fully revives. 

Reviving apparatus. Recently a variety of reviving apparatus 
has been coming into use in cases of electric shock (stoppage of breath¬ 
ing, of the heart, the pulse). One of them is the JJ.FI-1 apparatus. 
It is easy to operate and uses a mixture of air and oxygen. This appa¬ 
ratus is used in power stations, substations and industrial undertak¬ 
ings. It can be mounted on a wheeled carriage for mobility. It con¬ 
sists of a compressor which runs at a steady rate of 20 respiratory 
cycles per minute, an electric motor, and an oxygen cylinder. This 
apparatus operates from a lighting circuit or storage batteries. The 
gas mixture is delivered through a hose and a mask which is placed 
on the face of the patient. 

Rocking stretchers. Several prototypes had been developed in the 
U.S.S.R. at this writing. For its operation, a rocking stretcher de¬ 
pends on the fact that when the patient is in the head-down position, 
the weight of the abdominal organs exerts pressure on the diaphragm, 
thereby compressing the lungs and causing exhalation. In the feet- 
down position, the abdomen pulls down the diaphragm, and the 
chest expands, thereby causing inhalation. The patient is rocked from 
a position of 45° above to 45° below the horizontal at below the nor¬ 
mal rate of respiration. This method is accompanied with heart 
massaging and can be combined with oxygen reviving apparatus. 

Special mention should be made of the defibrillator, an apparatus 
for reviving a patient from apparent death resulting from electric 
shock or other causes. This apparatus is portable, easy to use and 
very effective when reviving a shock victim within 7 or 8 minutes 
after the accident. This apparatus stops fibrillation of the heart, a 
very dangerous condition, when the heart is twitching instead of 
contracting normally to cause the blood to circulate. 
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LIST OF RUSSIAN-ENGLISH TRANSLITERATIONS 
OFSOME OF THE SOVIET SWITCHGEAR EQUIPMENT 


Russian 

designation 



Name and principal characteristics 


3py 

opv 

py 

KCO 

Kpy 

KpyH 

AnB 


ZRU (LSI) 
ORU (OSI) 
RU 
KSO 

KRU 

K R UN 

APV (ARC) 


General 

Indoor substation 
Outdoor substation 

Switchgear installation (general term) 

Pr ^te ted . “ niM yP e front-serviced 
ssMtchgear (indoor) 

(fnS?) SSeiUb,ed raetal ‘ clad switchgear 

Factory-assembled metal-clad switchgear 
cubicle (outdoor) 

Automatic recloser or reclosiug 


11-3 

OA-6-kp 

OA-G-ob 

OB-6-kp 

OB-lO-kB 

O^-lO-kB 

IIIH-G 

IBT-35 

imiA-35 


n A-6/400 
<16*10/600 
nB-iOiooo 
nnui-i-10 

nHB-6/400 

IIHB-10/1000 

MH-110 


P-3 

OA-6-kr 

OA-G-ov 

OV-6-kr 

OV-10-kv 

OD-10-kv 

ShN-6 

SliT-35 

IShD-35 


PA-6/400 

PB-10,600 

PV-10/1000 

IPSh-I-10 

PNB-6/400 

PNV-10/1000 

MN-110 


Insulators 

Outdoor suspension insulator unit 

b “ S SU,>l ’ 0rt ' " Hh 

PO o«i DS b U a l s a e 10 flm n V kV bUS SUPPOr ‘' 

As above— V, strength rating 

Post insulator-10-kv bus support with 
square base fitting 

As above-D, strength rating 

Outdoor pin-type insulator, 6 kv 

Outdoor pin-type insulator, 35 kv 

Outdoor pin-type insulator, 35 kv 

Bushings 

Bushing-—6 kv, 400 a, indoor type A 
strength rating ype ’ A ’ 

Bushing—it) kv, 600 a, indoor type B 
strength rating - D ' 

Bushing—10 kv, 1,000 a, indoor type V 
strengthirating 31 ’ v ’ 

^i yPe K bu l hi ^T 10 kv > I. strength rating 
rl^ng g ’ G kV> 400 a ' B - strength 

°'rating bUShing ’ 10 kv * 1 - 000a * V. strength 

Outdoor oil-filled bushing, HO kv 
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Continued 


Russian 

designation 

P BO-6/400 
PJI BO-10/1000 

PBT-10 1000 
PBR-10 4000 

BH-16 
BHn-16 
PJI H-35/1000 
PJIH3-35 600 

Br-10 

BMB-10 

BMT-133 

Mrr-io 

MIT-229 

BM-35 

BMfl-35 

M K FI -35 
Mr-35 

MKn-110 

BBH-110 

riK-6/150 

I1KT-10 

Tno 

TflOM 


English 

transliterations 


Name and principal characteristics 


HV 0-6/ 400 
RLVO-IO/IOOO 

RVT-10/1000 

RVR-10/4000 

VN-16 

VNP-16 

RLN-35/1000 

RLNZ-35/600 


VG-10 

VMB-10 

VMG-133 

MGG-10 

MGG-229 


VM-35 

VMU-35 

MR P-35 
MG-35 

MR P-110 

VVN-110 


PR-6/150 
PRT-10 


TPF 

TPFM 


Isolators 

Isolator, indoor, 6 kv, 400 a, single-pole 
Isolator, indoor, line, 10 kv, 1,000a, single¬ 
pole 

Isolator, indoor, 10 kv, 1,000 a, three-pole 
Isolator, indoor, 10 kv, 4,000 a, with box- 
shaped blade 
On-load isolator 
On-load isolator (fuse-switch) 

Isolator, line, outdoor, 35 kv, 1,000 a 
Isolator, line, outdoor, 35 kv, 000 a, with 
earthing blades 

Circuit Breakers 

Hard-gas circuit breakers, 10 kv, up to 
400 a 

Oil circuit breaker, 10 kv, 200 to 1,000 a, 
single-tank type 

Circuit breaker, minimum-oil, multiple 
single-pole, 10 kv, up to 600 a 
Minimum-oil type circuit breaker. 10 kv, 
2,000 and 3,000 a (for generator circuits) 
Minimum-oil type circuit breaker, genera¬ 
tor circuit, for large currents (up to 
5,000 a) 

35-k outdoor circuit breaker 
35-kv outdoor circuit breaker with bushing 
transformers for differential protection 
Outdoor oil circuit breaker, substation type 
35-kv oil circuit breaker multiple single¬ 
pole type 

110-kv, bulk-oil substation oil circuit break¬ 
er (outdoor) . , , ,, . 

110-kv. air-blast circuit breaker (outdoor) 

High-voltage Fuses 

High-voltage fuse, quartz-sand filled, for 
power circuits, 6 kv, 150 a 
High-voltage, voltage transformer I use. 

10 kv 

Current Transformers 
Current transformer, bushing type, porcelain 

insulated . , 

Same as above, modernised version 
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Continued 


Russian English 

designation transliterations 


Name and principal characteristics 


Tnon> 
tii iiup 

T<PH 


TPOF 

TPShF 

TFN 


Current trans f oriuer, single-turn, porcelain- 
insulated 

Current transformer, bus type, porcelain- 
insulated 

Current transformer, porcelain-insulated, 
outdoor 


HOM-6 
HTMK-IO 
HTMII-10 
HK (P-110 


HP-2 

KCA 

nK 

riKT 

hpa-12 

rinp -12 

np-3B 

nPA-io 

nPBA 


NOM-6 

NTMK-10 

NTM1-10 

NKF-110 


CMn-i 

MP-l 

Hrri-7 

NGP 7 

vnn 

UPP 

riH-i 

PN-1 

riPH-5 

PRN-5 

33C 

EZS 


PR-2 

KSA 

PK 

PKT 

PRA-12 

PPR-12 

PR-3V 

PRA-10 

PRBA 


Voltage (Potential) Transformers 

Voltage transformer, single-phase, oil-im¬ 
mersed, 6 kv 

Voltage transformer three-phase, oil-im¬ 
mersed, with compensating winding, 10 kv 
Voltage transformer, three-phase oil-im¬ 
mersed, with testing winding 
Voltage transformer, cascade-type, 
lain-insulaled. outdoor 


porco- 


Construction Electrician’s Accessories 

Powder-actuated dowel-driving gun 

Foot-operated'hydraulic press 

UnivQrsal portable press 

Press-sliear unit (motor driven) 

Hand-operated lever-arm press 

Electric tool grinder 

Switchgear Accessories. Etc. 

Lever-type operating mechanism lor isola¬ 
tors 

Auxiliary switch for switchgear signal and 
interlock contacts) 

High-voltage qunrtz-sand-iilled power-cir¬ 
cuit fuse 

High-voltage luse for voltage transform¬ 
ers (T) 

Lever-type operating mechanism, for on¬ 
load isolators 

Spring-loaded lever-type operating mecha¬ 
nism 

Spring loader used with PPR-12 mecha¬ 
nism 

Operating mechanism, hand-operated, auto¬ 
matic tripping 

Operating mechanism, hand-operated, 
automatic tripping 
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